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THIS work has grown up in the class-room. It con- 
tains those definitions, illustrations, and applications 
which seemed at the time to interest and instruct the 
author's- pupils. Whenever any explanation fixed the atten- 
tion of the learner, it was laid aside for future use. Thus, 
by steady accretions, the process has gone on until a book 
is the result. 

As Physics is generally thfe first branch of Natural 
Science pursued in schools, it is important that the 
beginner should not be wearied by the abstractions of the 
subject, and so lose interest in it at the very start. The 
author has therefore endeavored to use such simple lan- 
guage and practical illustrations as will attract the learner, 
while he is at once led out into real life. From the mul- 
titude of philosophical principles, only those have been 
selected which are essential to the information ot every 
well-read person. Within the limits of a small text-book, 
no subject can be exhaustively treated. This is, however, 
of less importance now, when every teacher feels that he 
must of necessity be above and beyond any school-work 
in the fulness of his information. The object of an 
elementary work is not to advance the peculiar ideas of 
any person, but simply to state the currently-accepted 
facts and theories. The time-honored classifications recog- 
nized in all scientific works, have been retained. In order 
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to familiarize the pnpil with the metric system, now gen- 
erally nsed by scientific men, it is continnally employed 
in the problems. The notes contain many illustrations 
and additional suggestions, but their great yalue will 
appear in the descriptions of simple experiments which 
are within the reach of any pupiL 

Kew plates being required for this edition, the author 
has taken the opportunity thoroughly to rerise the entire 
work. By carefully comparing the criticisms of teachers, 
he has tried to obtain the '^ parallax" of all its statements 
and methods, and to eliminate, as far as possible, the 
errors growing out of his ''personal equation." Hearty 
thanks are tendered to the many friends of the book 
who, by their suggestions and criticisms, have so greatly 
added to the yalue of this reyision. To name them all 
in this Preface would be impossible, and to discriminate 
would be inyidious. The author cannot, howeyer, allow 
the opportunity to pass without expressing his profound 
sense of obligation. By untiring study and the continued 
help of his friends, he hopes thus, year by year, to make 
the series more and more worthy the fayor which his 
fellow-teachers haye so abundantly bestowed upon it. 
Happy uideed will he be if he succeed in leading some 
young mind to become a loyer and an interpreter of 
Nature, and thus come at last to see that Nature herself 
is but a '' thought of Qod." 
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STUDENTS are expected to obtain information from this book, 
without the aid of questions, as they must always do in their 
general reading. When the subject of a paragraph is announced, the 
pupil should be prepared to tell all he knows about it. He should 
never be allowed to answer a question^ except it be a short definition, in 
the language of the book. The diagrams and illustrations, as far as pos- 
sible, should be drawn upon the blackboard and explained. Although 
pupils may, at first, manifest an unwillingness to do this, yet in a little 
time it will become an interesting feature of the recitation. In his own 
classes, the author has been accustomed to place upon the blackboard the 
analysis of ecLch chapter of the booky and require the pupils to recite from 
thaty without the interposition of questions, except such as were neces- 
sary to bring out the topic more clearly or to throw a side light upon 
it. Where the analysis given in the book does not include all the 
minor points of the lesson, the pupils can easily supply the omission. 
The " Practical Questions " given at the close of each general subject 
have been found a profitable exercise in awakening inquiry and stimu- 
lating thought. The)' may be used at the pleasure of the instructor. 
The equations contained in the text are designed to be employed in the 
solutiorf of the problems. 

It should be constantly borne in mind that, as far as possible, every 
question and principle should be submitted to Nature for a direct answer 
by means of an experiment. Pupils should be encouraged to try the 
simple illustrations necessar}'. The scholar who brings in a bit of 
apparatus made by himself, does better than if he were merely to 
memorize pages of text. The objective or inductive method has been 
largel)^ adopted in this book in order to lead the pupil thus to question 
Nature and so verify each principle for himself. Where, however, it 
seemed that a subject could be more easily apprehended by using the 
didactic method, the author has not hesitated to adopt it. The true 
teacher is not the slave of any system, but employs in each case th9 
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one that best subserves his end. Moreover, our pupils are not to 
become discoverers, and so need not necessarily pursue the oftentimes 
tedious path of original investigation; while all the powers of the mind 
should be' developed harmoniously with that of observation. Still, 
where the didactic method of presentation is employed, the pupil 
should, wherever possible, perform the experiments, and so be enabled 
to grasp the fact or principle as he cannot by any abstract description, 
however vivid. 

The following works, to which the author acknowledges his obliga- 
tion for valuable material, will be useful to teacher as well as pupil, 
in furnishing additional illustrations and in elucidating difficult sub- 
jects, viz.: Tait's Recent Advances in Physical Science; Arnott's Ele- 
ments of Physics (7th ed.); Stewart's Elementary Physics, Conserva- 
tion of Energy, and Treatise on Heat; Atkinson's Deschanel's Natural 
Philosophy; Lockyer's Guillemin's Forces of Nature; Herschel's In- 
troduction to the Study of Physical Science; Tomlinson's Introduction 
to the Study of Natural Philosophy; Pepper's Play-book of Science; 
Beale's How to Work with the Microscope; Schellen's Spectrum 
Analysis; Lockyer's The Spectroscope and Studies in Spectrum 
Analysis; Airy's Geometrical Optics; Nugent's Optics; Chevreul on 
Colors; Thomson & Tait's Natural Philosophy; Maxwell's Electricity 
and Magnetism; Faraday's Forces of Matter; Youmans's Correlation 
of Physical Forces; Maury's Physical Geography of the Sea; Atkin- 
son's Ganot's Physics; Silliman's Physics; Tyndall's Lectures on 
Light, Heat, Sound, Electricity, and Forms of Water; Snell's Olm- 
sted's Philosophy (revised edition); Loomis's Meteorology; Miller's 
Chemical Physics; Cooke's Religion and Chemistr}% and also nu- 
merous works named in the Reading References at the close of each 
general division. They may be procured of the publishers* of this 
book. The pupil should continually be impressed with the thought 
that the text-book only introduces him to a subject, which he should 
seek every opportunity to pursue in larger works and in treatises on 
special topics. 
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SINCE the revision of this book in 1878 there have been many 
discoveries made in Physical Science. Some of these are now 
essential to the proper conception of even elementary principles, while 
others are interesting as opening up fresh fields of investigation. 
Experience has also suggested novel illustrations, as well as brought 
old truths into prominence. 

(P. 70.) ** The arms of a lever are the two portions of it intermedi- 
ate, respectively, between the fulcrum and the power, and between the 
fulcrum and the weight. If the lever is bent, or if, though straight, it 
is not at right angles to the lines of action of the power and weight, 
it is necessary to distinguish between the arms of the lever as above 
defined and the arms of the power and the weight regarded as forces 
which have moments round the fulcrum. In this latter case the arms 
are ike perpendiculars dropped from the fulcrum upon the lines of action 
of the power and weight. " 

(P. 130.) An interesting illustration of the reflection of sound is 
found at the so-called Echo River, of the Mammoth Cave, Ky. Sound- 
ing in succession the notes G, E, C, at the middle of the tunnel, the 
boatman receives the echoes, all mingled into a full chord, for eight or 
ten seconds afterward. 

(P. 164.) Langley's recent experiments near the summit of Mount 
Whitney place the maximum of the heat curve (Fig. 159) in the orange 
or orange-yellow instead of the ultra-red. **The sun's most intense 
radiations are not the invisible ones as has been so long supposed, but 
the wave-length representing the maximum of heat does not differ 
widely from that representing the maximum of light." While the 
pupil, for convenience, uses the terms heat, light, and chemical rays, 
he should bear in mind the truth that these rays differ not in quality, 
but only in pitch. 
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(P. 174.) The full explanation of stereoscopic relief is not so sim- 
ple as that indicated by Fig. 172. The effect of solidity, or depth in 
space, is indeed due to the apparent blending of two slightly different 
pictures, by causing the image of one of< them to be formed on one 
retina and of the other on the corresponding part of the other retina. 
But the apparent locality of the combined external picture is not deter- 
mined by the meeting of visual lines at C, as was long thought true. 
It is merely an illusion of judgment. The pictures A and B (Fig. 172) 
may be so far apart that the visual lines become parallel or even diver- 
gent. The combined image then appears still in front, but farther 
away, larger, and deeper. By crossing the visual lines so that the 
right eye is directed to A and the left eye to B (Fig. 173), the image 
appears smaller and nearer. The perspective is now reversed so that 
the tunnel appears like a mutilated cone floating in the air, with the 
smallest part nearest, while two companion tunnels remain, one on 
each side. (See art. on Stereoscope, Pop. Sc. Monthly, May & June, '82.) 

(P. 194.) The disks in Crookes's Radiometer are now made of 
aluminium rather than pith, the object being to obtain a maximum 
absorption of heat on one face which is covered with lamp-black, and 
minimum absorption on the other, which is therefore best made of a 
bright but light metal. Mica also is used. 

(P. 194.) In the course of Prof. Langley's experiments upon Mount 
Whitney, water was boiled by exposing it in a copper vessel covered 
by a pane of window-glass, to the direct rays of the sun. This shows 
how many of the heat-rays of the sunbeam are stricken down by the 
air before reaching low levels, but may be utilized at high elevations. 
So that, paradoxical as it may seem, it is certain that, were the atmo- 
sphere removed, the earth would receive far more heat and yet be much 
colder than now. (See American Journal of Science, March, 1883.) 

(P. 201.) "Numerous observations made in recent years show that 
the bottom of the ocean, even in equatorial regions, is at a temperature 
not much higher than that at which fresh water freezes. This cold 
water has doubtless found its way along the depths of the sea from the 
polar regions, while a general flow from equator to poles is taking 
place nearer to the surface. In connection with oceanic circulation it 
is to be noted that sea water (unlike fresh water), when cooled, con- 
tinues to contract until it reaches its freezing point." 
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iVe have no reason to believe that the sheep or the dog, or indeed any 
of the lower animals y feels an interest in the laws by which natural phe- 
nomena are regulated, A herd may be terrified by a thunder-storm ; birds 
may go to roost^ and cattle return to their stalls during a solar eclipse ; but 
neither birds nor cattle^ so far as we know, ever think of inquiring into 
the causes of these things. It is otherwise with man. The presence of 
natural objects , the occurrence of natural events , the varied appearances of 
the universe in which he dwells , penetrate beyond his organs of sense y and 
appeal to an inner power of which the senses are the mere instruments and 
excitants. No fact is to him either final or original, lie cannot limit 
himself to the contemplation of it alone, but endeavors to ascertain its 
position in a series to which the constitution of his mind assures him it 
must belong. He regards all that he witnesses in the present as the efflux 
and sequence of something that has gofie before^ and as the source of a 
system of events which is to follow. The notion of spontaneity ^ by which 
in his ruder stcUe he accounted for natural events, is abandoned ; the idea 
that Nature is an aggregate of independent parts also disappears^ as the 
connection and mutual dependence of physical powers become more and more 
mantfiest ; until he is finally led to regard Nature cu an organic whole ^ as 
a body each of whose members sympathizes with the rest^ changing, it is 
true, from age to age, but without any real break of continuity, or inter- 
ruption of the fixed relations of cause and effect.'' — Tyndall. 
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I. GENERAL DEFINITIONS 

1. Matter. — ^Whatever occupies space is called matter. 
A definite portion of matter is termed a body. Examples : 
a lake, a dew-drop, a quart of oil, an anvil, a pendulnm. 
A particular kind of matter is styled a substance. Eiam- 
ples : gold, wood, stone, oxygen. 

2. Qeneral and Specific Properties. — A general 

property of matter is a quality that belongs to all substances. 
Example divisibility. A specific* property is one which 
distinguishes particular substances. Examples : the yellow 
color of gold, the brittleness of glass, the sweetness of sugar. 
These properties are so distinctive that we say, "yellow as 
gold,'* "brittle as glass,'* "sweet as sugar.** 

3. The Atomic Theory supposes 

(1.) That the smallest particle of matter we can see is 
composed of still smaller pajrticles or molecules (tiny masses),* 
each possessing the specific properties of the substance to 
which it belongs. 

(2.) That each molecule consists of two or more yet 
minuter portions, called atoms f\ which cannot be changed 

* A molecule is a sn^oap of atoms held together by chemical force, and is the 
smallest particle of a substance which can exist by itself. Even in a simple snbstanoe, 
i. e., one in which the atoms are all of one kind, it is thought that they are dnstered 
in molecules. (See Chemistry, p. SO.) In water, the molecules are the small msases 
which, when driven apart, form steam. In a gas, they move like so many worlds 
through space, and striking against the sides of the containing vessel, produce the 
pressure of the gas to escape. 

t Animalcules fhmish a striking illustration of the minuteness of atoms. In the 
drop of stagnant water that clings to the point of a needle, S¥mrming legions swim 
as in an ocean, fnU of life, fHsking, preying upon one another, waging war, and re- 
enacting the scenes of the great world about them. These tiny animals possess 
organs of digestion and assimilation. Their food, coursing in infinitely minute chan- 
nels, must be composed of solid as well as liquid matter; and finally, at the lowest 
extreme of this descending series, we come to the atoms of which the matter itself Is 
composed. 



14 nmoDucnov. 

by any material force. Examples : a molecule of water is 
made up of two atoms of hydrogen and one of oiygen. A 
molecule of salt consists of one atom of chlorine and one of 
sodium. The smallest piece of salt contains many molecules. 
By dissolying in water^ we divide it into its separate mole- 
cules, and the solution has a briny taste, because each one 
possesses the savor of salt. 

4. Physical and Chemical Changes. — ^A physical 
change is one that does not destroy the molecule, and so 
does not alter the specific properties of a substance. Exam- 
ples : the falling of a stone to the ground, the dissolving of 
sugar in water. A chemical citange is one that makes new- 
molecules and so destroys the specific properties of a sub- 
stance. Examples : the rusting of iron, the burning of cod. 

5. Physical and Chemical Forces. — A physical force 
is one that produces a physical change in matter. Exam- 
ples : heat when it turns water into steam, light when it 
illumines a room, magnetism when a knife-blade attracts a 
needle. A chemical force is one that produces a chemical 
change. Example : aflinity when it converts sand and soda 
Into glass. 

One kind of force sometimes develops another. Exam- 
ples : heat turns sugar into charcoal and steam, light causes 
chemical changes in vegetation, chemical force corrodes 
einc and thus sets free electricity. 

6. Physical and Chemical Properties.~A physical 

property is one that can exist in a substance without essen- 
tially changing the molecular structure of that or of any other 
substance. Examples : melting point, color, weight. A 
chemical property is one that determines the character of the 
chemical change of which a substance is susceptible, or the 
chemical effect it may exert upon other substances. Exam- 
ples : the power of gunpowder to explode, the tendency of 
wood to unite with the oxygen of the air and so decay, 
the reciprocal action of soda and cream of tartar to cause 
effervescence. 
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7. Physics and Chemistry.— The former treats of 
phenomena in which there is a physical change in matter ; 
the latter^ of those in which there is a chemical change. 
The unit of the physicist is the molecule ; of the chemist, 
the atom. As both kinds of force and properties reside in 
every substance, and every substance is susceptible of both 
kinds of change, the two subjects are intimately connected. 

PRACTICAL QUE8TI0N8.~Name some Bpeclflc property of coal; ink; chalk; 
grasB ; tobacco ; snow. My knife-blade is magnetized, so that it will pick ap a needle ; 
la that a physical or chemical change f Ib it treated in PbysicB or Chemistry ? Is the 
boming of coal a physical or chemical change f The production of steam f The for- 
mation of dew? ThefiUlingofaBtone? The growth of a tree? The flying of a kite f 
The chopping of wood? The explosion of powder ? The boiling of water f The 
melting of iron? The drying of clothes ? The freezing of water ? The dissolving of 
BOgarf The forging a nail ? The making of bread ? The sprouting of a seed? The 
decay of vegetables ? The condensation of steam ? 



11. GENERAL PROPERTIES OF 

MATTER- 

The principal general properties of matter are extension^ 
impenetrability, divisibility, porosity, inertia, and inde- 
structibility.* We cannot imagine a body which does not 
possess them all. 

1. Extension is the property of occupying space or 
haying yolume. Size is the quantity of space a body fills. 
A body has three dimensions — ^length, breadth, and thick- 
ness. To measure these, some standard is required. England 
and the United States have chosen an arbitrary one called 
the yard. France has adopted the metre, which is about 
iooo^oooo ^' ^^ entire- meridian of the earth. This is a 

* The first two of these, serving to define matter, are its essffPtial attribatet. 
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nnit on which is based a decimal system that, becanse of its 
simplicity, is steadily growing in fayor. 

3, Impenetrability is the property of so occnpying 
space as to exclude all other matter.* No two bodies can 
occupy the same space at the same time. A book lies upon 
the table before me ; no human power is able to place 
another in the same spot, until the first book is removed. 
I attempt to fill a bottle through a closely-fitting funnel ; 
but before the liquid can run in, the air must gurgle out, 
or the water will trickle down the outside of the bottle. 

3. Divisibility is that property which allows a body to 
be separated into parts. The extent to which the diyisibility 
of matter may be carried is almost incredible, f Example r 
a grain of strychnine will flavor 1,750,000 grains of water ; 
hence there will be in each grain of the liquid only i n ^i^flj^ 
of a grain of strychnine, yet this amount can be distinctly 
tasted. 

4, Porosity is the property of having pores. By this is 
meant not indeed the sensible pores to which we refer when 
in common laDgaage we speak of a porous body, as bread, 
wood, unglazed pottery, a spoDge, etc., but the finer or 
physical pores. The latter are as invisible to the eye as the 

* In common language, we say a needle penetrates cloth, a nail enters wood, etc. ; 
but a moments examination shows that they merely pash aside the fibres of the cloth 
or wood, and so press them closer together. With care we can drop a quarter of a 
pomid of shingle-nails into a tnmbler brimfhll of water, without cansing it to orer- 
flow. The snrfiice of the water, howeyer, becomes convex. 

t Newton estimated that the film of a soap-bubble at the instant of breaking is 
less than m^ss of an inch thick. Pure water will acquire the requisite yiscidity for 
making bubbles by adding only riv part of soap. It is evident that there must be at 
least one molecule of soap in every cubic wtvhvsv ot an inch of the film, and that the 
molecule must be smaller than one-hundredth of a cubic fm^ss of an inch, i. «., than 
rrshvzs triUionths of a cubic inch. Now a molecule of soft-soap (if it is a pure potas- 
sium stearate. Chemistry^ p. 219) contains 56 atoms, and this point must be reached 
before we come to the possible limit of divisibility.— Some idea of the vastness 
expressed by the word trillion may be derived from the estimate that if Adam, at his 
creation, had commenced to count one every second of time, he would not yet have 
completed the first quarter of a trillion ; and if Eve had come to his relief, and th^ 
had counted day and night, they would not see the end of their task for KMXX) jean 
to come. (See also note on electric sparks, p. 996J 
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atomB themselves, and are caused by the fact that the mole- 
cules of which a body is composed are not in actual contact, 
but are sepai-ated by minute spaces.* Ex. : to a bowl-full 
of water it is easy to add a quantity of fine salt without the 
liquid numiug orer. Only care must be taken to drop in 
the salt slowly, giving time for it to dissolye and the bubbles 
of air to pass oft. When the water has taken up all the salt 
it will, we can still add other soluble Holid8.t — In teat- 
ii^ large cannon by hydrostatic presaure (p. 85), water is 
forced into the gun until it oozes 
through the thick metal and cot- '^ *■ 

era the outside of the gnn like 
froth, then gathers in drops and 
runs to the ground in streams.^ 

The process of filtering, so much 
employed by druggists, depends 
upon this property; the liquid 
slowly passes through the pores 
of the filter, leaving the solid 
portions behind. — Water, in Na- 
ture, ia thus purified by perco- 
lating through beds of sand and 

* These spacea are » nnall that they cannol be diecemed wllb tht mott pow«^ 
All mlcroevope. ;et it 1b Ihongbt Ihsl thej are rerj large when compared with Ihe 
aiie of the atoma themeelvee. If we lioa^ne a being BmHlI vuongb lo live qd one of 
tbe «ti}ma nearibe centreotastoae, ae we live on the earth, then we are to Bnppoie 
that he wonldsee Uie DeareiitBtoiiu at great distances Ih>m bim.ae we see the moon 
Bikd Mat. and might perchance hare need of a birj telescope to examine Ihem, a* 
we inTestlgatfi the heaveni; bodies. 

t In this eaiB we snppose that the particke of salt are nnaller than those of water, 
and those of the difi^rent snbstances used are SDialler than those of salt. The parti- 
cles of salt 01] the epacee between the particlee of water, and the others occupy the 
■tin Bmaller spaces lea between the particles of salt. We msy better understand 
this IT we suppose a bowl filled with oranges. It will bold a quantityof peas, then of 
gravel, then of fine sand, and lastly some water. 

t In the course of some experiments perfOnned dnrini; the 18<h centnry at the 
Florence Academy, luly, hollow globes of sIlTer were filled with water and placed In 
a Bcrew-preae. Tiie spbereit being flattened, their size was dimlnlsbed, and the water 
oozed through the pores of the metal. The philosophere of the day thonght this to 
■how that water is Incompressible. We now see that it proved only that diver hai 
pom laiger than the molecnlea of water. 
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grayeL — Gstema for filtering water haye a brick partition 
in the middle. The water is cleansed as it soaks through 
the porons brick. Small filters are frequently made of a 
cask nearly filled with gravel and charcoal ; the water is 
poured in a little reservoir at the top and drawn oS at the 
bottom by a faucet. 

5. Inertia is the negative property of passiveness.* Mat- 
ter has no power of putting itself in motion when at rest^ 
nor of coming to rest when in motion. A body will never 
change its place unless moved^ and if once started will 
move forever unless stopped. Ex. : If wo leave the room, 
and on our return find a book missings we know some one 
has taken it — ^the book could not have gone oS of itself. 

6. Indestructibility is the property which renders mat- 
ter incapable of being destroyed. No particle of matter can 
be annihilated; except by Ood^ its creator. We may change 
its form, but we cannot deprive it of existence. Ex. : We 
cut down a tree, saw it into boards, and build a house. The 
house bums, and only little heaps of ashes remain. Yet in 
the ashes, and in the smoke of the burning building, exist 
the identical atoms, which have passed through these various 
forms unchanged.! 

# The eommon Meft of inertia is that matter actiyely resists any change ; and that 
when we lift a heavy stcme, for example, we most overcome the determined opposi- 
tion of the hody to be moved. Matter possesses no snch property. The seeming 
obstinacy is dne to the Ihct that time ia reqnlred to impart motion to a body at rest, 
and to overcome the momentum of a body in motion. The illastrationBordinaxily 
given of inertia are really examples of a law of motion. We are also ffbnst<Mned 
to think a body is more inclined to rest than to motion ; and so, while we see how a 
stone conld not throw itself, we find it difflcalt to understand how, once thrown. It 
does not stop itselt We shall see hereafter that several forces destroy its motion 
and bring it to rest. Oee pp. 98, S9, and Questions 55-48, p. 80.) 

t Walter Raleigli, whfle smoking in the presence of Qaeen EUxabeth, oflbred to 
bet her nuO^ty that he could tell the weight of the smoke that curled upward frona 
his pipe. The wager was accepted. Raleigh quietly finished, and then weighing tlie 
ashes, subtracted this amount from the weight of the tobacco he had placed in tbe 
pipe, thus finding the weifilit of the smoke. When we reach the subject of combus- 
tion in chemistry, we shall be able to detect Baleigfa*s mistake. Tlie smoke and the 
ashes really weighed more than the original tobacco, slnoe the oxygen of the air bad 
combined with the tobacco In burning. 
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III. SPECIFIC PROPERTIES OF 

MATTER. 

Among the most important specific properties of matter 
are ductility, malleability, tenacity, elasticity, hardness, and 
brittleness. 

1, Ductility. — A ductile body is one which can be drawn 
into wire. Fig. 3 represents a machine for making wire. 
B is a steel draw- 
ing-plate pierced ^o- 3. 
with a series of 
gradually dimin- 
ishing holes. A 
rod of iron. A, is 
hammered at the 
end so as to pass 
through the larg- 
est. It is then 

grasped by a pair of pincers, 0, and, by turning the crank 
D, is drawn through the plate, diminished in diameter and 
proportionately increased in length. The tenacity of the 
metal is greatly improved by the process of drawing, so that 
a cable of fine wire is stronger than a chain or bar of the 
same weight. Gold, silver, and platinum are the most duc- 
tile metals. A silver rod an inch thick, covered with gold- 
leaf, may be drawn to the fineness of a hair and yet retain a 
perfect coating of gold, 3 oz. of the latter metal making 100 
miles of the gilt-thread used in embroidery. Platinum wire 
has been drawn so fine that, though it is nearly three times 
as heavy as iron, a mile's length weighed only a single grain. 
{Chemistry y p. 170.) . 

3. Malleability. — A malleable body is one which can be 
hammered or rolled into sheets. Ex. : Gold may be beaten 
until it is only 3^^^^^^^ of an inch thick. It would require 
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1800 such leares to equal the thickness of common printing- 
paper.* Copper is so malleable^ that a workman can ham- 
mer out a kettle from a solid block. 

3. Tenacity. — ^A tenacions body is one which cannot 
easily be palled apart. Iron possesses this quality in a 
remarkable degree. Steel wire will sustain the weight of 
about 7^ miles of itself. 

4. Elasticity is of four kinds^ according as a body tends 
to resume its original form when compressed, extended, 
twisted, or bent. 

(1.) Elasticity of Compression. — Many solids, as iron, 
glass, and caoutchouc, are highly elastic. Ex. : Spread a 

thin coat of oil on a smooth mar- 
ble slab. If an iyory ball be 
dropped upon it, the size of the 
impression will vary with the 
distance at which the ball is held 
aboye the table. This shows that 
the iyory is flattened, somewhat 
like a soap-bubble when it strikes 
a smooth surface and rebounds. 

Liquids are condensed with 
great difficulty, so that for a long 
time they were considered in- 
compressible. When the force is 
removed, they regain their exact 
volume, and are therefore perfectly elastic. 

Oases are easily compressed, and are also x)erfectly elastic. 
A pressure of 15 lbs. to the square inch reduces the volume of 





* An ingot of gold Is passed many times between steel rollers, which are bo ad- 
JQsted as to be constantly bronght nearer together. The metal Is thus reduced to m 
ribbon about ^ of an inch thick. This is cut into inch sqnares, 150 of which are 
piled up alternately with leaves of strong paper four inches square. A workman with 
a 16-Ib. hammer beats the pile until the gold is spread to the size of the leaves. Each 
piece is next quartered, and the 600 sqnares are placed between leayes of goldbeaters' 
skin and pounded. They are then taken out, spread by the breath, cut, and the 8,400 
squares pounded as before. They are finally trimmed and placed between tisBue- 
paper In little books, each of which contains S5 gold leavea. 
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water only YuJ^n)' whereas it diminishes the Tolnme of a 
gas ^. A gas may be kept compressed for years, bnt on 
being rnleaeed will instantly return to its original form. 

(3.) Elasticity of Expansion is possessed largely by 
solids, slightly by liquids, and not at all by gases. Ex. : 
India-mbber, when stretched, tends to fly back to its origi- 
nal dimensions. A drop of water hanging to the nozzle of 
a bottle may be touched by a piece of glass and drawn out 
to considerable length, but when let go it will resume its 
spherical form. Gases when extended manifest no tendency 
to return to their former shape. 

(3.) Elasticity of Torsion is the tendency of a thread 
or wire which has been twisted, to un- 
twist again. It is a delicate test of the Ym. b. 
strength of a force (Fig. 5). 

(4.) Elasticity of Flexure is the 
property ordinarily meant by the term 
elastic. Many solids possess this quality, 
within certain limits, to a high degree. 
Swords have been made which could be 
bent into a circle without breaking. 
Watch-springs, bows, cushions, etc., are 
useful becanse of their elasticity, 

5. Hardness.— One body is harder 
than another when it will scratch or in- 
dent it. This property does not depend 

on density.* Ex. : Gold is about S} times denserthan iron, 
yet it is much softer. — Mercury is a liquid, yet it is almost 
twice as dense as steel. — The diamond is the hardest-known 
snbstance, yet it is not one-third as heavy as lead. 

6. Brlttleness. — A brittle body is one that is easily 
broken. This property is a frequent characteristic of hard 
bodies. Ex. ; Glass will scratch pnre iron, yet it is extremely 
brittle. 

* A ifenM bod; has Its molecules closalr compacted. Tbe word ran, the opposite 
of deose, la BppUed lo gseee. Man, or the qnantllr of matter a body eootaini, 
tiMMid be dlBtkngaiBhed from weight or rize (notes, pp. ES, HBT). 
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SUMMARY. 

Matter Ib ilud which oocapies spaoa A sepaiate porticm is odled a 
bodj, and a particular kind a subatanoe. A general property of matter 
belongs to aU sabstanoes, and a specific one to particolar kinds. Mat- 
ter is eomposed of very minute atoms. A group of atoms forms a 
molecule, in which reside the specific properties of a substance. A 
phjrical change never affects the molecule, but a chemical change 
breaks it up, and so forms a new substance. Philosophy deals with 
phyrical forces and changes ; Chemistry with chemical force or attrac- 
tion, and chemical changes. Ehctension, impenetrability, divisibility^ 
porosity, inertia, and indestructibility are the principal general prop- 
erties of matter. Of these, extension is the property of occupying 
space ; the amount of space a body fills is its sixe. Impenetrability 
prevents two bodies from occupying the same space in the same time. 
Divisibility permits a body, so far as we know, to be divided infinitely. 
Porosity is caused by the particular structure of a body ; pores are 
inherent in the constitution of a body which consists of molecules 
that do not touch. Inertia is that property of matter which forbids 
its changing its state from motion to rest, or vice oerao. It is like 
laainess in a human being. IndestructibUity prevents the extinction 
of matter by man. Ductility, malleability, tenacity, elastiaty, hard- 
ness, and brittleness are the principal specific properties of matter. 
A ductile body can be drawn into wire ; gold, silver, and platinum 
are the most noted for this property. A malleable body can be ham- 
mered into sheets ; gold possesses this quality in a remarkable degree. 
A tenacious body resists pulling apart; iron is the best example. 
An elastic body permits a play of its particles, so that they return to 
theif original position when the disturbing force is removed. A haid 
body cannot easily be indented. A brittle body is readily broken. 



HISTORICAL SKETCH. 

In andent times, any seeker after truth was termed a philosopher 
(a lover of wisdom), and philosophy included all investigations concern- 
ing both mind and matter. In the fourth century B. C, Plato assumed 
that there are two prindples, matter and form, which by combining 
produce the five elements, earth, air, fire, water, and ether. Aristotle, 
his pnpilt established the first philosophical ideas concerning mittftr 
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and space. But the method of study generally pursued for 2000 years 
was one of pure metaphysical speculation. Observation had no place, 
but the philosophers made up a theory, and then accommodated facts 
to it. They guessed about the real essence of things, as to whether 
matter exists except when perceived by the mind,* and how a change 
in matter can produce a change in mind. In 1620, Bacon published his 
"Novum Organum," advocating the inductive method of studying 
nature. He argued that the philosopher should seek to benefit man- 
kind, and that, instead of wasting his time in sterile and ingenious 
theories about the world and matter, he should watch the phenomena 
of life, gather facts, and then reasoning from effects back to their 
causes, reach the general law. This work is commonly said to have 
established the modem method of investigation. Ptolemy, Archimedes, 
Galileo, and other physicists, however, had long before proved its 
value. 

The Atomic Theory was propounded by Democritus, in the fifth 
century B. C, and twenty-two centuries later elaborated by Dalton, an 
Engli^ physicist. The grander generalization and development of 
this law was advanced in 1811 by Avogadro, an Italian, and afterward 
extended by the French philosopher. Ampere. The latter asserted that 
" equal volumes of all substances, when in the gaseous form and under 
like conditions, contain the same number of molecules.'' For half a 
century this view lay dormant. Of late it has borne fruit, and the 
molecular theory has become to Chemistry what the law of gravitation 
is to Astronomy. The labors of Thomson, Cooke, Tait and others are 
now building up the whole superstructure of Chemistry and Physics 
upon this basis. 

The history of the establishment of a standard of measures is a 
curious one. Anciently, length was referred to some portion of the 
human body, as the foot ; the cubit (the length of the forearm from the 
elbow to the end of the middle finger) ; the finger's length or breadth ; 
the hand's breadth ; the span, eta In England, Henry I. (1120) ordered 
that the ell, the ancient yard, should be the exact length of his arm. 
Afterward a standard yaid-stick was kept at the Exchequer in London ; 
but it was so inaccurate, that a commissioner, who examined it in 1742, 
wrote : " A kitchen poker filed at both ends would make as good a 
standard. It has been broken, and then repaired so clumsily that the 
joint is nearly as loose as a pair of tongs.*' In 1760, Mr. Bird carefully 
prepared a copy of this for the use of the Government. It was not 
legally adopted until 1824, when it was ordered that if destroyed, it 



* Dr. Johnson once remarked to a gentlemai^ who had been defending the theory 
that there is no external world, as he was going away, ^'Pray, sir, don't leaTe as, 
tar we may perhaps forget to think of yon, and then you will cease to exist.** 
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should be restoied bj a oompftriflon with the length of a pendulum 
▼ibrating eeoonda at the latitude of London. (Third law, p. 60.) At 
the great fire in London, 1884, the Parliament House was burned, and 
with it Bird's yard-stick. Repeated attempts were then made to find 
the length of the lost standard by means of the pendulum. This was 
found impracticable, on account of errors in the original directions. At 
last the British government adopted a standard prepared from the most 
reliable copies of Bird's yard-stick. A copy of this was taken by 
Troughton, a celebrated instrument-maker of London, for the use of 
our Coast Survey.* 

The French had previously adopted for the length of the legal foot 
that of the royal foot of Louis XIV., as perishable a standard as Henry's 
arm. When they had established the metric system, they found that 
a mistake had been made in measuring the meridian. The English 
scientists discovered a difficulty in the calculation from the pendu- 
lum. So that both these attempts to fix upon an absolute unit in 
Nature have failed, and the French and English systems are alike 
founded upon arbitrary standards. 

Consult Cooke's "New Chemistry," chapter on Molecules, etc.; 
Powell's "History of Natural Philosophy"; Buckley's "History of 
Natural Science"; Whewell's "History of the Inductive Sciences"; 
Boscoe's "John Dalton and his Atomic Theory," in Manchester 
Science Lectures, '73-4; "Appleton's Cyclopaedia," Art. Molecules; 
Outerbridge's " Divisibility of Gold and Other Metals," in Popular 
Science Monthly, Vol. XI. p. 74 ; Crookes' " The Radiometer— a fresh 
evidence of a Molecular Universe," Popular Science Monthly, VoL 
Xni, p. 1 ; Tait's "Recent Advances in Physical Science," Chap. XII, 
The Structure of Matter ; Hoefer, "Histoire de la Physique et de la 
Chimie "; Draper's " History of Intellectual Development" 



* This yard is aboat t^ of an inch longer than the British standard. According 
to Act of Congress, sets of weishts and measures have been distribated to the gov- 
ernors of the several States. The yards so ftamlshed are equal to that of tlie 
TEoaghUm scale. We have no natioiial standard eetabliabed by law. 
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Rest is nowhere. The winds that come and go, the ocean that uneasily 
Chrobs aUmg the shore, the earth that/lies about the sun, the light that darts 
through space — all tell of a universal law of Nature. The solidest body 
hides Tvithin it inconceivable velocities. Even the molecules of granite and 
iron have their orbits as do the stars^ and revolve as ceaselessly. 

No energy is ever lost. It changes its form, but the eye of philosophy 
detects it and enables us to drive it from its hiding-place undiminished It 
assumes Protean guises, but is everywhere a unit. It may disappear from 
the earth ; still-^ 

" Somewhere yet that atom^s force 
Moves the light-poised umvene^* 
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MOTION AND FORCE. 

• 

1. Motion is a change of place. All motion, as well as 
rest, with which we are acquainted, is relative. Ex. : When 
we ride in the cars, we judge of our motion by the objects 
around us. — ^A man on a steamer may be in motion with 
regard to the shore, but at rest with reference to the objects 
on the deck of the vessel. Force is that which produces qt 
tends to produce or to destroy motion. Velocity is the rate 
at which a body moves- 

2. The Resistances to Motion are frictioji and the 
resistance of air and water. * (1.) Friction is the resistance 
caused by the surface over which a body moves. It is of 
great value in common life. Without it, nails, screws, and 
strings would be useless ; engines could not draw the cars ; 
we could hold nothing in our hands ; and we should every- 
where walk as on glassy ice. (2.) The resistance which a 
body meets in passing through air or water is caused by the 
particles displaced. It increases according to the square of 
the velocity.* Thus, if in running we double our speed, we 
displace twice as much air in the same time, and give to 
each particle twice the velocity ; hence the resistance will 
be quadrupled. 

3. Momentum is the name given to the product of the 
mass of a body multiplied by its velocity per second, ex- 
pressed in feet. Ex. : A stone weighing 5 lbs., thrown with 
a velocity of 20 feet per second, has 100 units of momen- 
tum.! 

* This is true at a moderate velocity, bnt at a bigh speed soQie of the mediom is 
carried >vith the body, and the resistance increases faster than according to v^. 

t Physicists make momentum = mow x veiodty. The mass of bodies (note, 
p. 21) is proportional to weight, at the same place on the earth*s surface ; but, 
while the moM remains the same at different places, the wHght varies (p. f 8).— A 
heavy body may move slowly and yet have an immense momentum. Ex. : An ice- 
berg, with a scarcely perceptible motion, will crush a man-of-war as if it were an 
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4. The Commtmioation of Motion is not instanta- 
neous.* If I press with all my might against a rock weigh- 
ing a ton, I fail to move it, press I ever so long. The force 
is not sufficient to overcome the friction between the rock 
and the ground. If, however, we could conceive the rock 
poised in empty space, the least touch would at once move 

it with a velocity proportional to • If I strike one 

•^ '^ mass 

end of a rail a mile long, the tremor will take a definite 
time to reach the other end. If, on the other hand, a 
powerful engine suddenly pulls at one end of the rail, so as 
to draw it over a considerable distance in a second, I can 
imagine that the other end will move after an almost 
infinitely short time ; but if the engine drag the rail con- 
tinuously, both ends will have' the same velocity, and the 
whole rail will move together. 

5. Three Laws of Motion. — ^Fibst. A body set in mo- 
tion will move forever in a straight line^ unless acted on by 
some external force. This is only another statement of the 
passiveness of matter, or the property of inertia. Obvious- 
ly, no experiment will directly prove the law. There is a 
curious illustration, however, in the swinging of a pendulum 
under the receiver of an air-pump. The more perfectly the 
air is exhausted, the longer it will vibrate. In the best 
vacuum we can produce, it will swing for twenty-four hours. 
It is supposed that if aU "resistances to motion'* were 
removed, the pendulum would never stop. 

e^-BhelL— Veflsels lying at a wharf grind against one another with prodigioas force, by 
the slow movement of the tide.^Soldiers have thought to stop a spent cannon-ball by 
putting a foot against it, bat have f oand its momentam sufficient to break a leg. 

On the other hand, a light body moving with a high velocity may have an enor- 
mous momentum. Ex. : The air in a hurricane will tear up trees by the roots and 
level buildings to the groand.— Sand driven from a tube by steam is used for driUing, 
and in stone-cutting, engraving, etc. 

* A stone thrown against a pane of glass shatters it ; but a bullet Ared through it 
will make only a round hole. The bullet is gone before the motion has time to pa:8 
into the surrounding particles. — A fraction of time is required for a baU to receive 
the force of the exploding powder and to get under frill headway. An iostniment ia 
used to determine the acceleration of speed before leaving the gun. 
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To this law arc to be referred many ordinary illustrations 
of the so-called "inertia of matter/' Thus, when we en- 
deavor to stop a moying body, as a wagon, we must over- 
come its momentum. The daiiger in jumping from a car in 
rapid motion lies in the fact that the body has the speed of 
the train, while the forward motion of the feet is checked 
by the contact with the ground.* 

Second Law. — A force acting upon a tody in motion or at 
rest, produces the same effect whether it acts alone or with 
other forces. Ex. : All bodies upon the earth are in constant 
motion with it, yet we act with the same ease that we should 
were the earth at rest-f — ^We throw a stone directly at an 
object and hit it, yet, within the 
second, the mark has gone for- ' ^**' *• 

ward many feet. J — ^If a cannon- 
ball be thrown horizontally, it will 
fall as fast and strike the earth as 
soon as if dropped to the ground 
from the muzzle of the gun. In 
Kg. 6, D is an arm driven by a 
wooden spring, E, and turning on a hinge at C. At D is a 
hollow containing a bullet, so placed that when the arm is 
sprung, the ball will be thrown in the line FK« At P is a 

* Some jump as nearly as poesible In the direction in which the train is moying, 
and are ready to run the instant their feet tench the ground. Then with all their 
strength they gradually overcome the inertia of the body, and after a few rods can 
tnro as they please. If one coald jump backward with snfficicDt force to overcome 
the forward motion of the train, it would then be possible to drop directly downward. 

t A ban thrown up into the air with a force that would cause it to rise 50 feet, win 
ascend to that height whatever horizontal wind may be blowing.— While riding on a 
car, we throw a stone at some object at rest The stone, having the motion of the 
train, strikes Just as fkr ahead of the object as it would have gone had it remained on 
the train. In order to hit the mark, we should have aimed a little back of it.— The 
circus-rider wishes, whSe his horse is at Ml speed, to Jump through a hoop suspend* 
ed before him. He simply springs directly upward. Going forward by the momen- 
tum which he had acquired before he leaped ttom the horse, he passes through the 
hoop and alights upon the saddle again.— A person riding in a coach drops a cent to 
the floor. It apparently strikes where it would if the coach were at rest. 

t The earth moves in its orbit around the sun at the rate of about 18 miles per 
aecond. See Itmrteen Wetkt in Asfyvnomy, p. 106. 
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similar ball, supported bj a thin slat, G, and so arranged 
that the same blow which throws the ball D, will let the ball 
F fall in the line FH. The two balls will strike the floor at 
the same instant. 

TmBD Law. — Action is equal to reaciion^ and in the eon- 
trary direction. Ex. : A bird in flying beats the air down- 
ward, but the air reacts and supports the bird. — The powder 
in a gun explodes with equal force in every direction, driving 
the gun backward and the ball forward, with the same 
momentum. Their velocities vary with their weights ; the 
heavier the gun, the less will the recoil be noticed. — ^When 
we spring from a boat, unless we are cautious, the reaction 
will drive it from the shore. — ^When we jump from the 
ground, we push the earth from us, while it reacts and 
pushes us from it ; we separate from each other with equal 
momentum, and our velocity is as much greater than that of 
the earth as we are lighter. — ^We walk, therefore, by reason 

of the reaction of the ground on which we 

^•^' tread. 

T T The apparatus shown in Fig. 7 consists of 

/ \ ivory balls hung so as readily to vibrate. ♦ If 

^ Jill • a ball be let fall from one side, it will strike 

the second ball, which will react with an equal 
force, and stop the motion of the first, but transmit the 
motion to the third ; this will act in the same manner, and 
so on through the series, each acting and reacting until the 
last ball is reached; this will react and then bound off, 
rising as high as the first ball fell (except the loss caused by 
resistances to motion). If two baJls be raised, two will fly 
off at the opposite end ; if two be let fall from one side and 
one from the other, they will respond alternately. 

6. Compound Motion. — Let a ball at A (Fig. 8) be 
acted on by a force which would drive it in a given time to 

• The same experimento can be performed by means of glass marbles or billiard 
balls placed in a groove. Better still, attach strings to glass marbles l^ means of 
mndlage and bits of paper and suspend them from a simple wooden frame. 
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B^ and also at the same instant bj fki. & 

another which would drive it to D in 
the same time ; the ball will move in 
the direction AG. Ex. : A person 
wishes to row a boat across a swift cur- 
rent which would carry him down stream. He therefore 
steers toward a point above that which he wishes to reach^ 
and so goes directly across. — ^A bird, beating the air with 
both its wings, flies in a direction different from that which 

would be given by either 

one. 
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7. Composition of 
Forces. — ^When a body 
is thus acted on by 
two forces, we draw 
lines representing their 
directions, and mark 
off AD and AB, whose 
lengths represent their 
comparative mag- 
nitudes. We next com- 
plete the parallelogram 
and draw the diagonal 
AC, which denotes the resultant of these forces, and gives 
the direction in which the body will move. If more than 
two forces act, we find the resultant of two, then of that 
resultant and a third force, and 
so on. 

8. Besoltition of Forces con- 
sists in finding what two forces are 
equivalent to a given force. A par- 
allelogram is drawn having the given 
force as a diagonal. Ex. : There is 
a wind blowing from the west against 
GH (Pig. 10), the sail of a vessel 
going north. We can resolve the 
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wind-force BD into the two forces BE and BC. The former, 

blowing parallel to the sail, is of no use ; 
the latter is perpendicular to it, and drives 
the vessel northeast. Again, resolving BD 
in Fig. 11, which represents the vertical 
force BC in Fig. 10, we find that it is 
equivalent to two forces BE and BO. The 
former pushes the vessel sideways, but is 
mainly counteracted by the shape of the 
keel and the action of the rudder. The 
latter is parallel to the course of the ship, 
and hurries it north. 
By shifting the rigging, one vessel will sail into harbor 
while another is sail- 
ing out, both driven ^^' **• 
by the same wind.* 
Figs. 12 and 13 show 
how, by tvrice resolv- 
ing the force of the 
wind from the W., as 
in the last figures, 
when the sail OH is 
placed in the new po- 
sition, we have (Kg. 
13) a force BO, which drives the vessel S.t If a yesael 

* The toy shown hi Fig. 14, and eMlly made by any 
pnpU, pnnres how a change in the position of the sails 
win prodnce a contrary effect Carry this wind-mill 
forward, and the two sets of feather>vanes wiU revolre 
swiftly in opposite directions. 

t In a similar manner we may resolve the thxve fincea 
which act npon a kite— vis., the pull of the string, the 
force of the wind, and its own weight In Fig. 10, let 
GH represent the flu» of the kite. We can rescitve BD, 
the force of the wind, into BC and BB. We next reaolve 
BD, in Fig. 11, which corresponds to BC in Fig. 10, Into 
BE and BC. We then have a force, BC, whidi OTeroomes 
the weight of the kite and also tends to lift it npwaid. 
The string polls in the direction BD, perpendicularly to 
the Ikoe. The kite obeys both of these f oroea, and so 
ascends in a direction DO, between the two. It la really 
drawn ap an inclined plane by the Joint force of the wind and the stringi 
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were to be sailed due W. against the wind^ it would tack 
alternately NW. and SW. In this way it could go almost in 
the "teeth of the wind.*' 

A canal-boat drawn by horses is acted upon by a force 
which tends to bring it to the bank. This force may be 
resolved into two, one pulling toward the tow-path, and the 
other directly ahead. The former is counteracted by the 
shape of the boat and the action of the rudder ; the latter 
draws the boat forward. 

9. Motion in a Curve. — ^Whenever two or more in- 
stantaneous forces act upon a body, the path is a straight 
line. When one is ilistantaneous and the other continuous, 
it is a curved line. Ex. : When a body is thrown into the 
air, except in a vertical line (p. 54), it is acted upon by the 
instantaneous force of projection and the continuous force 
of gravity, and so describes a line which curves toward the 
earth. 

10. Circular Motion is produced when a moving body 
is drawn toward a centre by a constant force. Thus, when 
a sling is whirled, the stone is pulled toward the hand by 
the string, and as, .according to the third law of motion, 
every action has its equal and opposite reaction, the hand is 
pulled toward the stone. If the string break, the stone will 
continue to move, according to the first law of motion, in 
a straight line in the direction of a tangent to the circle at 
that point. The tension of the string, acting inward, is 
called the Centripetal {centrum^ the centre, petere, to seek) 
force ; and the reaction of the stone upon the string, acting 
outward, is termed the Centrifugal (centrum, the centre, 
fugere, to flee) force.* 

* It shonld be noticed that in circnlar motion there is bat one trae force concerned. 
It acts, however, upon a body in motion. The so-called centriftagal force has nothing 
to do with the production of the motion, being merely the resistance which the body 
offers by its inertia to the operation of the centripetal force, and ceases the instant 
that force is discontinued. It does not act at right angles to the centripetal force, as 
la often stated, bat in direct opposition. A body never flies off from the centre im- 
pelled by the centrifhgal force, since that can never exceed the centripetal (action = 
feactiooi), and moreorer the path of Boch a body is in the direction of a tangent, and 
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The following examples are among those usually given 
to illustrate the action of the centre-fleeing force : Water 
flies from a grindstone on account of the centrifugal 
force produced in the rapid revolution, which overcomes 
the adhesion* — ^In factories, grindstones are sometimes re- 
volved with such velocity that this force overcomes that 
of cohesion^ and the ponderous stones fly into fragments. — 
A pail full of water may be whirled around so rapidly that 
none will spill out, because the centrifugal force overcomes 
that of gravity, — When a horse is running around a small 
circle, he bends inward to overcome the centrifugal force. 

The heavenly 
bodies present the 
grandest example 
of circular motion. 
We may suppose the 
earth to Imve been 
moving originally 
in the direction AC. 
The attraction of 
the sun, however, 
drawing it in the 
direction BS, it passes along the line BD. If the centripe- 
tal force were suddenly to cease, the earth would fly off 
into space along a tangent, as BC. The rapid revolution of 
the earth on its axis tends to throw off all bodies headlong. 
As this acts in opposition to gravity, it diminishes the weight 

not the radios of a circle. Tha9, when water is thrown off a srindstone in rapid 
rotation; tiie tendency of the water to coutiuue to move on in the direction of the 
straight line in which it is going at each iui^tant (in other words, the inertia of the 
water) OTercomes its adhesion to the Ktone, and it flies off in obedience to the first 
law of motion. So, also, when a grindstone, driven at a high speed, breaks, and the 
fragments are thrown with great velocity, we are not to suppose that the centrifhgal 
force impels them throngh the air. That force existed only while the stone was 
entire. It was opposed to the force of cohesion, and in the moment of its trinmph 
ceased, and the fragments of the stone fly off in virtue of the velocity they possess 
at that instant. Again, the so-called centrif ogal force is not a real force niging bodies 
upward at the eqnator. The earth*s snr&ce is merely falling away from a tangent, 
and a part of the force of gravity is spent in overcoming the inertia of bodies. The 
term oentrilhgal force has caused much confusion, and will doubtless soon he dis- 
carded. 
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of bodies at the equator^ where it is greatest, yj^. It also 
tends to drive the water on the earth 
from the poles toward the equator. 
Were the velocity of the earth's ro- 
tation to diminish, the water would 
run back toward the poles, and tend 
to restore the earth to a spherical 
form. This influence is well illus- 
trated by the apparatus shown in 
Fig. 16. The hoop is made to slide 
upon its axis, and if revolved rapidly 
it will assume an oval form, bulging 
out more and more as the velocity is 
increased.* 

11. The Gyroscope beauti- 
fully illustrates the principle of the 
composition of forces in rotary 
motion. In Kg. 17 a wheel re- 
volves within a ring which is sus- 
tained at one end by an upright 
support. If the wheel is made to 
revolve swiftly by unwinding a 
string, and then placed on the sup- 
port, instead of falling, as one 
would suppose, the whole begins 
to revolve rapidly around the point of support, in a resultant 
between the force of gravity and the rotary motion of the 
wheel. If we attempt to raise or lower the ring, it will sen- 
sibly oppose the change and persist in its 
plane of rotation. 

12o Reflected Motion is produced by 
the reaction of a surface against which an 
elastic body is cast. If a ball be thrown 




Fig. 18. 




* This apparatas is accompanied by objects to illnstrate the principle that all 
bodies tend to revolye about their shortest diameters, an assurance that the earth 
wUl never change its axis of rotation while it retains its present form. ** Tie to 
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in the direction OB against the snrfaoe AO^ it will rebound in 
the line BR The angle OBP, that of ineidene$, = the 
angle PBR, that of re/lecHan. 

13. Energy is the power of doing work, i. e., of oyer- 
coming any kind of resistance. It is in general something 
pnt into a body by means of work, and which comes ont of 
it when it does work. Ex. : A wonnd-np clock, a red-hot 
iron. The difference between energy and momentum is 
evident. When a bullet is fired from a rifle, the momenta 
of both are equal, but the energy of the former, t. e., its 
power of doing work, as piercing a board, is far greater. 
Energy is proportional to the square of the Telocity. Thus, 
a cannon-ball given double speed will penetrate four times 
fte far into a wall ; and a stone thrown upward at the rate of 
96 feet per second will rise 9 times as far as with a velocity 
of 32 feet (p. 55). 

14. Two Forms of Energy.—- Energy may be either 
active or latent. When a rock is tumbling down a moun- 
tain-side, it exhibits the force of gravity in full sway ; but 
when the rock was lodged on the mouniain-top, it possessed 
the same energy, which could be developed at any moment 
by loosening it from its place. These two forms are known 



the middle of a lead pencil a piece of Btring about three feet long. Sospend so 
that the pencil will balance itsetf. Now twist the end of the string between the 
thnmb and the first finger of the right hand, steadying and holding the string with 
the left hand. A drcnlar motion will thns be communicated to the pencil, and it 
will rerolve aroond the point on which it is suspended. Tie a piece of white string 
around the middle of the pencil, or its centre of gravity, simply to show the position 
of that point. Now tie the first piece of string half-way between the end of the 
pencil and the centre of gravity, and communicate the circular motion described 
above, and we shall observe that the pencil will stUl revolve around the centre ot 
gravity, the point marked by the white string being at rest. It can thus be shown 
that anything, of whatever shape, will tend to revolve on its shortest diameter. If 
the end links of a small steel chain (such as is often attached to purses or parasols) 
be hooked together, the string tied to a link, and the circular motion given, it win 
be observed that the chain begins to take an elliptical form, which gradually 
approaches that of a circle, until at last it becomes a circle, when it revolv e s 
horizontally. This shows that even a ring is subject to the same law— that is, 
revolves on its shortest axis.** 
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as energy of motion and energy of position^ or ctctual and 
potential (possible) energy.* 

15. Conservation of Energy. — One kind of energy is 
changed into another without loss. The sum of all the 
energy in the universe remains the same. A hammer falls 
by the force of gravity and comes to rest. Its potential 
energy changes to kinetic and does work. Its motion as a 
mass is converted into one of atoms^ and reveals itself to our 
touch as heat (p. 184). f 

PRACTICAL QUESTIONS.— 1. Can a rifle-ban be flred tbroagh a bandkercUef 
mspended kxMely fW>m one corner ? 3. A rifle-ball thrown against a board standing 
edgewise, will knock it down ; the same bnUet flred at the board will pass through 
it without disturbing its position. Why is this ? 8. Why can a boy skate safely 
over a pieoe of thin ice, when, if he should paose, it would break onder him directly. 
4. Why can a cannon-lMdl be flred through a door standing ^)ar, without moring it 
on its hinges t S. Why can we drlTe on the head of a hammer by simply striking the 
end of the handle t 6. Suppose you were on a train of cars moving at the rate of 80 
miles per hour; with what velocity would yon be thrown forward if the train were 

* Actual energy is also styled dynamic or kinetic energy, and potential is termed 
«tatic energy. In mechanics, kinetic energy is called ffis Hva (= \mv*\ or striking 
force. We wind a watch, and by a few moments of labor condense in the spring a 
potential energy, which is doled out for 94 hours in the djmamic energy of the wheels 
and hands. Draw a violin bow, and the potential energy of the arm is stored up in 
the stretched cord. Lift a pendulum, and you thereby give the weight potential 
energy. Let it iUl, and the potential changes gradually to dynamic. At the centre 
of the arc the potential is gone and kinetic is possessed. Then the kinetic changes 
again to potential, which increases till the end of the arc is reached and the pen- 
dulum ceases to rise, when the energy is that of position, not of motion. Potential 
energy is one that is concealed, lying in wait and ready to burst forth on the instant. 
It is a loaded gun prepared for the arm of the marksman. It is a river trembling on 
the brink of a precipice, about to take the fearfhl leap. It is a weight wound up and 
held against the tug of gravity. It is the engine on the track with the steam hissing 
firom every crevice. It is the drop of water with a thunderbolt hidden within its 
crystal walls. On the contrary, djmamic energy is in fhll view, in actual operation. 
The bullet is speeding to the mark ; the river is tumbling; the weight is fidling ; the 
engine is flying over the rails ; and the bolt is flashing across the sky. It is heat 
radiating from, our flres ; electricity flashing our messages over the continent ; and 
gravity drawing bodies headlong to the earth. 

t No energy in nature can be wasted. It must accomplish something. ** A blow 
with a hammer moves the earth. A boy could in time draw the largest ship across 
the harbor in calm weather." 

" Water fidling day by day 
Wears the hardest rock away." 

Statues are worn smooth by the constant kissing of enthusiastic worshippers. 
Stone steps are hollowed by the friction of many feet The ocean is fllled by small 
drops which fUl from the clouds. We may notice none of these forces singly, but 
tbeir efllscts in the aggr^te startle us. 
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•topped Instantly t 7. In what line does a atone fall tnm tbe *nff^>»— ^ of a Teaad in 
motion ? & If a ball be dropped from a high tower, It will strike tbe groond a little 
east of a vertical line. Why is this r 9. It is stated that a soit was once bron^t by 
the driver of a light wagon against the owner of a coach for damages caused by a col- 
lision. The complaint was ** the latter was driving so fast that when the two carriages 
stmck, the driver of the former was thrown forward over the dashboard." On trial he 
was nonsuited, bocaose his own evidence showed him to be the one who was driving 
at the nnosoal speed. Explain. 10. Sappoee a train moving at the rate of £0 miles 
per hoar ; on the rear platform is a spring-gnn af med parallel to the tndk and In a 
direction precisely opposite to the motion of the car. Let a ball be discharged writh 
the exact speed of the train ; where woold it fall 7 11. Sappoee a steamer in rapid 
motion, and on its deck a man jamping. Can he Jnmp further by leaping the vray 
the boat is moving than in the opposite diiection f IS. If a stone be dropped 
fkom the masthead of a vessel in motion, will it strike the same spot on the deck 
that it wonld if the vessel were at rest ? 14. Conld a party play ball on the deck of 
the Great Eastern when steaming along at the rate of 90 miles per hour, without 
making allowance for the motion of the ship f 15. Since action is equal to reaction, 
why is it not so dangerous to receive the ** kick** of a gun as the force of the bullet f 
16. If yon were to Jump from a carriage in rapid motion, would yon leap directly 
toward the spot on which yon wished to alight ? 17. If yon wished to shoot a bird 
in swift flight, wonld yon aim directly at it? 18. At what parts of the earth is the 
centrifugal force least f 19. What causes the mud to fly from the wheels of a carriage 
in rapid motion ? 20. What proof have we that the earth was once a soft maea ? 
n. On a curve in a railroad, one track is always higher than the other. Why is this? 
9S. What is the principle of the sUng? 28. The month of the Mississippi Biver Is 
about 2| miles fitrther from the centre of the earth than its source. In tlds sense it 
may be said to ^^ run up hill." What causes this apparent opposition to the attrac- 
tion of gravity ? 24. Is it action or reaction that breaks an egg, when I strike it 
against the table ? 25. Was the man philosophical who said that it " was not the 
iUllng so fiur, but the stopping so quick, that hurt him?** 26. If one person runs 
against another, which receives the greater blow ? 27. Would it vary the efRsct if the 
two persons were running in opposite directions ? In the same direction ? 28. Why 
can you not fire a rifle-ball around a hill? 29. Why is it that a heavy rifle ** kicks** 
less than a light shot-gun ? 80. A man on the deck of a laige vessel draws a small 
boat toward him. How much does the ship move to meet the boat? 81. Suppose a 
string, fiistened at one end, will Just support a weight of 25 lbs. at the other. UnfriS' 
ten it, and let two persons pull upon it in opposite directions. How much can each 
pull without breaking it ? 82. Can a man standing on a platform-scale make himself 
lighter by lifting up on himself? 88. Why cannot a man lift himself by pulling up 
on his boot-straps? 34. If, from a gun placed vertically, a ball were flred into per- 
fectly still air, where would it fiUl ? 85. With what momentimi would a steamboat 
weighing 1,000 tons, and moving with a velocity of 10 feet per second, strike against 
a simken rock? 86. With what momentimi would a train of cars weighing 100 tone, 
and nmning 10 miles per hour, strike against an obstacle ? 87. What would be the 
comparative striking force of two hammers, one driven with a velocity of 20 feet per 
second and the other 10 feet ? 88. If a 100 horse-power engine can propel a steamer 
5 miles per hour, will one of 200 horse-power double its speed ? 89. Why is a bullet 
flattened if flred obliquely against the surface of water ? 40. Why are ships becalmed 
at sea often floated by strong currents into dangerous localities without the knowl- 
edge of the crew ? 41. A man in a wagon holds a 6&-lb. weight in his hand. Suddenly 
the wagon fiills over a precipice. Will he, while dropping, bear the strain of the 
weight? 42. Why are we not sensible of the rapid motion of the earth? 48. A 
feather is dropped from a balloon which is immersed in and swept along by a swift 
current of air. Will the feather be blown away or will it appear to drop directly 
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down? 44. SnppoBe a bomlK«heIl, flying fhrough fhe air at tbe rate of 500 fset per 
aecond, explodes into two parts of equal weight, driving one-half forward in the same 
direction as before, bat with double its former Telocity. What would become of the 
other half? 46. Which would have the greater penetrating power, a small cannon- 
ball with a high Telocity, or a laige one with a low Telocity? 46. There is a story 
told of a man who erected a huge pair of bellows in the stem of his pleasure-boat, 
that he might always haTe a fiiir wind. On trial, the plan foiled. In which direction 
should he haTe tamed the bellows ? 47. If a man and a boy were riding in a wagon, 
and, on coming to the foot of a hiU, the man should take up the boy in his arms, 
woold that help the horse ? 48. Why does a bird, as it begins to fly, always, if possi- 
Ue, turn toward the wind ? 49. If we whirl a pail of water swiftly around with our 
Lands, why will the water tend to leaTC the centre of the pail ? 60. Why will the foam 
collect at the hollow in the centre ? 61. If two cannon-bidls, one weighing 8 lbs. and 
the other 2 lbs., be fired with the same Telocity, which will go the Airther ? 68. Be- 
eolTC the force of the wind which turns a common wind-miD, and show how one part 
acts to push the wheel against its support, and one to turn it around. 68. Wl^ is a 
gun firing blank cartridges more quickly heated than one flrii^ balls ? 54. When an 
animal is Jumping or foiling, can any exertion made in mid-air change the motion of 
its centre of graTity ? 66. If one is riding rapidly, in which direction will he be thrown 
when the horse is suddenly stopped ? 68. When standing in a boat, why, as it starts, 
are we thrown backward ? 59. When carrying a cup of tea, if we moTe or stop 
quickly, why is the liquid liable to spill? 58. Why, when closely pursued, can we 
escape by dodging ? 69. Why is a caniage or sleigh, when sharply turning a comer, 
liable to tip over ? 60. Why, if you place a card on your finger and on top of it a 
cent, can you snap the card from under the cent, which will then drop on your finger? 
61. Why is a *^ running Jump" longer than a ** standing Jump" ? 62. Why, after the 
sails of a vessel are fhried, does it stUl continue to move ? and why, after the sails are 
spread, does it require some time to get it under' flill headway ? 63. Why can a tal- 
low candle be fired throagh a board? 



SUMMARY. 



Matter, so far as we know it, is in constant change. This change 
of place is termed motion. Terrestrial motion is restricted by friction, 
by the air, and by wat«r. Friction is caused by the roughness of the 
surface over which a body moves. It may be decreased by the use of 
grease to fill up the minute projections, or by changing the sliding 
into rolling friction. Air and water must be displaced by a moving 
body, and the resistance they offer is increased, in general, according 
to the square of its velocity. Motion is governed by three laws ; viz.: 
A moving body left to itself tends to go forever in a straight line ; a 
force has the same effect whether it acts alone or with other forces, and 
upon a body at rest or in motion ; and action is equal and opposed to 
reaction. By means of the principles of the composition and resolu- 
tion of forces, we can find the individual effect of a single force or the 
combined effect of several forces. Motion produced by two or more 
instantaneous forces is in a straight line ; when one is continuou^^ 
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the nsnlt Ib a ennred line ; and whan the oontinuoos loroe, directed 
toward a fixed point, acts upon a moving bodj, a circle ia then 
deaoibed. A croquet ball struck hy two mallets at the same moment, 
illustrates the first kind of motion ; the path of a ballet or rocket in 
the air exhibits the second ; and the movement of a stone whirled in a 
sling is an example of the third. When a rubber ball bounds back 
from a surface against which it is thrown, the angle of reflection equals 
the angle of incidence. 

Energy, or the power of doing work, is a general term employed to 
unify all the forces of nature. Out of it grows the grand law of the 
Conservation of Energy, which teaches that the different forces are 
only different forms of one all-pervading energy, and that they are 
mutually interchangeable, and indestructible as matter itselt 



HISTORICAL SKETCH. 

Aristotle taught that all motion is naturally circular, and this view 
was held by his schooL He divided the phenomena of motion into two 
classes— the natural and the violent As an instance of the former, he 
gave the falling of a stone, which constantly increases in velocity ; and 
of the latter, a stone thrown vertically up, which being against nature, 
continually goes slower. Newton, in his "Prindpia" published in 
1687, propounded the laws of motion as now received. Other philoso- 
phers, notably Galileo, Hooke, and Huygens, had antidpated much 
of his reasoning, yet so slowly were his opinions accepted that " at his 
death," says Voltainv "he had not more than twenty followers outside 
of England." 

The law of the Conservation of Energy, Faraday, the great Elng- 
lish physicist, pronounced " the grandest ever presented for the oou' 
templation of the human mind." It has been established within the 
present century ; yet we now know that former scholars had inklings 
of the wonderful truth. It arose in connection with discoveries on the 
subject of Heat» and its history will be treated of hereafter. 

Consult Stewart's ''Conservation of Energy"; Youmans's "Cor- 
relation of the Physical Forces"; Faraday's ** Lectures on the Phys- 
ical Forces"; Everett's "Deschaners Natural Philosophy"; Tail's 
"Recent Advances in Physical Sdenoe"; Biaxwell's "Matter and 
Motion " ; " Appleton's Cyclopedia," Art Correlation of Forces, 
Gyroscope, etc.; Tyndall's "Crystalline and Molecular Forces," in 
Manchester Science Lectures, '73-4 ; Crane's " Ball Paradox," in Pop- 
ular Sdence Monthly, Vol. X, p. Wk 



III. 




" The smallest dust which floats upon the wind 
Bears this strong impress of the Eternal mind : 
In mystery round it subtle forces roll^ 
And gravitation binds and guides the whole,** 

^^ Attraction^ as gravitation^ is the muscle and tendon of the universe^ by 
which its mcus is held together and its huge limbs are wielded. As cohesion 
and adhesion, it determines the multitude of physical features of its different 
parts. As chemical or interatomic action, it is the final source to which 
we trctce all material changes,** — Arnott. 
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I. MOLECULAR FORCES. 

Attractive and Repellent Forces. — If we take a 
piece of iron and attempt to pull it to pieces^ we find that 
there is a force which holds the molecules together and 
resists our efforts. If we try to compress the metal, we find 
that there is a force which holds the molecules apart and 
resists our efforts as before. If, however, we apply heat, the 
iron expands and finally melts. So, also, if we heat a bit of 
ice, the attractive force is gradually overpowered, the solid 
becomes a liquid, and at last the repellent force predomi- 
nates and the liquid passes off in vapor. In turn, we can 
cool the vapor, and convert it back successively into water 
and ice. We thus see that there are two opposing forces 
which reside in the molecules — an attractive and a repellent 
force, and that the latter is heat. There are three kinds of 
the former, cohesion, adhesiorij and chemical affinity.* 

1. COHESION. 

!• Cohesion is thab force which holds together molecules 
of the same kind. 

2. Three States of Matter. — Matter occurs in three 
states — solid, liquid, and gaseous. These depend on the 
relation of the attractive and repellent forces, cohesion and 
heat. If they are nearly balanced, the body is liquid; if 
the attractive force prevail, it is solid; if the repellent, it is 
gaseous. Many substances may be made to take the three 
states successively. Thus, by the addition of heat, ice may 
be converted into water, and thence into vapor; or vice 



* Chemical affinity prodnces chemical changes, and its conBideration belongs to 
Chemistry. It binds together atoms of different kinds, and produces a compound 
noliko th« original elements. 
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versa, by the subtraction of heat. Most solids pass easily to 
the liquid form, others go directly from the solid to the 
gaseous state. 

3. Cohesion Acts at Insensible Distanoes.— Take 
two bullets, and haying flattened and cleaned one side of 
each, press them together with a twisting motion. They 
will cohere when the molecules are crowded into apparent 
contact.* — If two globules of mercury be brought near each 
other, at the instant they seem to touch they will suddenly 
coalesce. — ^Two freshly-cut surfaces of rubber, when warmed 
and pressed together, will cohere as if they formed one piece. 
— The process of welding illustrates this principle. A 
wrought-iron tool being broken, we wish to mend it. So 
we bring the iron to a white heat at the ends which we 
intend to unite. This partly overcomes the attraction of 
cohesion, and the molecules will move easily upon one 
another. Laying now the two heated ends upon each other, 
we pound them until the molecules are brought near enough 
for cohesion to grasp them. 

4. Liquids Tend to Form Spheres.— Mix a glass of 
water and alcohol in such proportion that a drop of sweet- 
oil will fall half-way to the bottom. It will there form a 
perfect sphere. The same tendency is seen in dew-drops, 
rain-drops, globules of quicksilver, and in the manufacture 
of shot. (Chemistry y p. 174.) The reason is that the force 
of cohesion acts toward the centre of the drop. In a spher- 
ical body, every portion of the surface is equally distant 
from the centre; and when that form is assumed, every 
molecule on the outside is equally attracted, and an equi- 
librium is established. 

5. Solids Tend to Form Crystals.— When a liquid 
becomes a solid, the general tendency is to assume a sym- 

* Surfaces may appear to the eye to be in contact when they are not actoaDy so. 
Newton found, during some experimente on light (p. 168),' that a convex lens or a 
watch-glass laid on a flat glass does not touch it, and cannot be made to do bo, eyen 
by a ftnoe of many pounds. 
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metrical form. The attraction of cohesion strives to arrange 
the molecules in an orderly manner. Each kind of matter 
has its peculiar shape and angle, by which its crystals may 
be recognized.* When different substances are contained in 
the same solution, they separate on crystallization, and each 
molecule goes to its own. The exquisite beauty of these 
crystalline forms is seen in snowflakes and the frostwork 
traced on a cold morning upon the windows or the stone- 
flagging. A beam of light passed through a block of ice 
reveals these crystals as a mass of star-like flowers (Fig. 19).f 

Fia. la 




Melted iron rapidly cooled in a mould has not time to 
arrange its crystals. If, however, the iron be afterward 
violently jarred, as when used for cannon, rail-cars, etc., the 



* Bpsom salt dTstallizes in f onr-sided prisms, common salt in cnbes, and alam in 
octahedia. We can lllaBtrate the formation of the last by adding alnm to hot water 
until no more will dissolve. Then sospend strings across the dish and set it away to 
eooL Beantifnl octahedral crystals will coUect on the threads and sides of the TesseL 
The slower the process, the larger the crystals.— God delights in order as in beanty. 
Down in the daric recesses of the earth He has fashioned, by the slow processes of 
His laws, flie rarest gems— amethysts, mbies, and diamonds. There are mountain 
inafwofl transparent as glass, caves hang with stalactites, and crevices rich with gold 
and silrer, and lined with quarts. 

t It is noticeable tliat, as the crystals melt, at the centre of each liquid flower is a 
Tacnnnif showing that there is not enoagfa water formed to fill the space occupied by 
the crystal, and that the solid contracts as it passes into a fluid (p. 900). This ex- 
periment is easily tried. The ice must be cut parallel to the plane of its freesiQg and 
be not over half an inch thick. A common oil lamp will famish the light 
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molecules take on the crystalline form and the metal becomes 

brittle.* 

6. Axinealing and Tempering. —If a piece of wronght- 
iron be heated and then plunged into water, it becomes 
hard and brittle. If, on the contrary, it be heated and 
cooled slowly, it is made tough and flexible. Strangely 
enough, the same process which hardens iron softens copper. 
Steel is tempered by heating white-hot, then cooling quickly, 
and afterward re-heating and cooling slowly. The higher 
the temperature of the second heating, the softer the steel. 
(Chemistry, p. 152.) 

7. The Rupert's Drop is a tear of melted glass dropped 

into water, and cooled quickly. As there is 
Fro. 90. not time for the particles to assume their 

Q natural position, they exert a violent strain 
upon one another ; and if the tail of the drop 
be nipped off, the tension will cause the mass 
to fly into powder with a sharp explosion. All 
glassware, when first made, is brittle, but it is 
annealed by being drawn slowly through a long 
oven, highly heated at one end, but quite cool 
at the other. During this passage, the molecules of glass 
have time to arrange themselves in a stable position, f 

PRACTICAL QUESTIONS.— 1. Why can we not weld a piece of copper to one of 
iron f S. Wby ie a bar of Iron etronger than one of wood f 8. Why \% a piece of iron, 
when perfectly welded, stronger than before it was broken f 4. Why do drops of dif- 
ferent flnids vary in size ? 6. When yon drop medicine, why will the last few drops 
contained in the bottle be of a larger size than the others f 6. Why are the drops 
larger if you drop them slowly ? 7. Why Is a tube stronger than a rod of the same 
weight? 8. Why, If yon melt scraps of lead, will they form a solid mass when 
cooled f 9. In what liquids Is the force of cohesion greatest ? 10. Name some Bolida 
which YolatUize withoat melting. 11. Why can glass be welded ? 

* On examining snch a piece of iron, which can easily be procured at a car or 
machine-shop, we can see in a fresh fracture the smooth, shiny face of the crystals. 

t ** The restoi-ation of cohesion is beautifully seen in the gilding of cliina. A figure 
is drawn upon the china with a mixture of oxide of trold and an essential oil. The 
article is then heatrd, whereby the essential oil and the oxygen of the gold are 
expelled, and a red-brovm pattern remains. This consists of pure gold in a finely- 
divided state, without lustre. By rubbing with a hard burnisher, the particles of gold 
cohere and reflect the rich yellow color of the polished metal." 
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2. ADHESION. 

1» Adhesion is the force which holds together molecules 
of different kinds. Ex. : Two pieces of wood are fastened 
together with glue, two pieces of china with cement, two 
bricks with mortar, two sheets of paper with mucilage, and 
two pieces of tin with solder. Syrup and coal-oil are puri- 
fied by filtering through animal char- 
coal. Bubbles can be blown from soap- 
suds, because the soap by its adhesive 
force holds together the particles of 
water. 



Fig. 21. 




Pig. 22. 



2. Capillaxy Attraxstlon {capillus, 
hair) is a variety of adhesion between 
solids and liquids. It may be seen when 
two panes of glass are placed as shown 
in Fig. 21, but is exhibited most strik- 
ingly in very fine tubes, whence the name.* 

If we insert a glass tube in water, the liquid will rise in 

it. The finer the bore of the tube, the 
higher the ascent. The same in less de- 
gree exists between glass and alcohol. If 
we insert a glass tube in mercury, the 
capillary attraction will be reversed, and 
the height of the liquid will be lower than 
the general level. 

All parts of a liquid are mobile, but the 
surface is in a state of strain because the 
downward pull of the molecules beneath is 
not balanced. There is a tough film which 
is strong enough to confine the body of the liquid. It is 
this "surface tension"! ^h^t gives roundness to the pearly 

* These tabes may be drawn by the pupil to any leDgth and size from French 
^laas tabing in the heat of an alcohol lamp. 

t For discDsslon nf surface tension, see MaxwelPs Theory of Heat^ p. 280 ; Descha- 
nePs Natural PMIowphy^ p. 130 ; Popular Sconce Monthly^ Vol. IX. « p. 575 ; Ameri- 
can Jcwmalo/a^iencet Dec 1882 ; Pickering's Physical MampukOioih VoL L, p. 108. 
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dew-drop, strength to the brilliant soap-bubble, and holds 
up the slender column of liquid in a capillary tube. 

Fie. 88. ILLUSTRATIOK& — The wick of a lamp or 

candle is a bundle of capillary tubes, which 
elevate the oil or melted fat and feed the 
flame. — ^If the end of a towel be dipped in a 
basin of water, the whole towel will .soon be 
wet by capillary action through the pores of 
the cloth. — Blotting-paper takes up ink by 
capillarity. — ^Water in the saucer of a flower- 
pot is elevated through the pores of the earth 
to the plant.* — Bopes absorb water by capil- 
lary action, swell, and shrink often to 
breaking.! 

3. Solution. — Sugar will dissolve in water, because the 
adhesion between the two substances is stronger than the 
cohesion of the sugar. X Aa heat weakens cohesion, it 

* In the 8ame way, water is drawn to the snrface of the ground to famish vege- 
tation with the materials of growth. Bren in the winter, when the etutace is frosen, 
the water still finds its way upward, an^ freeses Into ice, which in the spitng pro- 
duces mud, although there may have been little rain or snow. Stirring Uie gronnd 
causes it better to endure drought, because the size of the capillary pores is increased, 
thus preventing the water from being carried to the surface and evaporated. 

t It is 1688. The Egyptian obelisk, weighing a million pounds, is to be raised 
in the square of St Peter*s, Rome. Pope Sixtus V proclaims that no one shall 
utter a word aloud until the engineer announces that all danger is pa ooed . As 
the majestic column ascends, all eyes watch it with wonder and awe. Slowly it 
rises. Inch by inch, foot by foot, until the taslc is almost completed, when the strain 
becomes too great. The huge ropes yield and slip. The workmen are dismayed, and 
fly wildly to escape the impending mass of stone. Suddenly a voice breaks the 
silence. **Wet the ropes^ rings out clear-toned as a trumpet. The crowd look. 
There, on a high post, standing on tiptoe, his eyes glittering with the intensity of 
excitement^ is one of the eight hundred workmen, a sailor named Bresca di S. Bemo. 
His voice and appearance startle every one ; but his words inspire. He is obeyed. 
The ropes swell and bite into the stone. The column ascends again, and in a moment 
more stands securely on its pedestal. The daring sailor is not only forgiven, but 
his descendants to this day enjoy the reward of providing the palm-branches used on 
Palm Sunday at St. Peter^s. 

X This contest between adhesion and cohesion is seen when we let fall on water a 
drop of oil. Adhesion tends to draw the oil to the liquid, so as to mix thoroughly, 
and cohesion to prevent this. The extent to which the drop wHl spread will depend 
on the relation of the two attractions, and vary for every substance. Thus each oU 
has its ovm Cohesion Fioubb, which enables the chemist readily to detect diif erences 
and mixtures. Experiments : Dissolve a little salt in a glass of water, and touch 
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hastens solution, so that a substance generally dissolves 
more rapidly in hot water than in cold. In like manner, 
pulyerizing a solid aids solution. Liquids also absorb gases 
by adhesion. Thus water contains air, which renders it 
pleasant to the taste. As pressure and cold weaken the 
repellent force, they favor the adhesion between the mole* 
cides of a gas and water. Soda-water receives 
its effervescence and pungent taste from car- ^®* *** 
bonic-acid gas, which, being absorbed under ^ 
great pressure, escapes in sparkling bubbles V| 

when the pressure is removed. ■Ilil 

4. Diffiision of Liqtuids. — Let a jar be B;| 

partly filled with water colored by blue litmus. Hil 

Then, by a funnel-tube, pour clear water con- ^bBB 
taining oil of vitriol to the bottom, beneath ^hm'|I^ 
the colored water. At first, the two will be ^^H^r 
distinctly defined, but in a few days they will 
mix, as will be seen by the change of color from blue to red. 
A drop of oil of vitriol may thus be distributed through a 
quart of water. Most liquids will mingle when 
^^'^ brought in contact.* If, however, there is no ad- 
hesion between their molecules, they will not mix, 
and will separate even after having been thoroughly 
shaken together. 

5. Diffusion of Gki^es. — Hydrogen gas is only 
^ as heavy as common air. Yet, if two bottles be 
arranged as in Fig. 25, the lower one filled with the 
heavy gas, and the upper with the lighter, the gases 
will soon be uniformly mixed, f 

the snrflioe oi tiio liqnid with a pen ftill of ink. The characteristic fignres will 
quickly appear.— Dieeolve in water a pinch of salt and a lump of loaf-sugar. Tonch 
'the Barfiu» with Innar caoBtic. The figure of nitrate of silver will be seen. 

* A story is told of some negroes in the West Indies who supplied themselyes 
with liquor by Inyerting the neck of a bottle of water in the bung-hole of a cask of 
mm. The water sank into the barrel, while the rum rose to take its place. 

t This phenomenon Ss explained by the theory that the molecules of all bodies are 
in npid motion. As the worlds in space are clustered in mighty systems, the mem- 
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6. Osmose d Liquids. — When two Uqnida are Bepa- 
tsted by a thin porous sabstance, the interchange is modified 
in a cnrioos manner, according to the natore of the liquid 
and the subBtance used. At the end of a glass tube (Fig. 2C) 
fasten a bladder of alcohoL Fill the jar with water, and 
mark the height to which the alcohol aecends in the tnbe. 



The column will soon begin to rise elowly. On examination, 
we ehall see that the alcohol is passing out through the pores 
of the bladder and mixing with the water, while the water 

ben of «ach reTolvlBg abant one snothei Id InconcelTably nait Ofblto. » each body 
la smlnlatnrBerBtem, Its molecnles moving in Ineoocetyably mlnato path*. In a gas. 
tbe molecnlar reloclij Is enormone. The parUcles of aininoDU gas, tor eiample. 
arc Hjlng to end fro nt the rale of twenty milea per mfnnto. "Conld we, by any 
ineans,"flay»Pror. Cooke, "Inm In one direttloQ the sciBBlmotlDU or the molecules' 
of what we call still air.lt wuald become at once a wind blowing soventeen miles 
per mlnnte, and exert a dfrilrncllTB power compared «lth which the moat violent 
lom«aoiBfeeble."— Invert a bnitle over a lighted candle, and the o» j^en of the eti- 
closed air beinit aoon coneamrd the Hame goes ont. Inalcad of the bottle, nee a 
(oolBCap-paper cone. There will be an interchinse of gases through tbe pores of the 
paper and the Ucbl will bam fieely. 
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is coming in more rapidly. In most other cases of osmose^ 
the flow is toward the denser liquid. 

The chemist uses a method of separating substances in 
solution, termed dialysisy that is based on their unequal 
diffusibility. 

7. Osmose of Gases. — ^Fit a porous cup used in Orove's 
Battery (p. 234) with a cork and glass tube, as in Fig. 27. 
Fasten the tube so that it will dip beneath the water in the 
glass. Then invert oyer the cup a jar of hydrogen. The 
gas will pass through the pores of the earthenware and down 
the tube so rapidly, as almost instantly to bubble up through 
the water.* 

PRACTICAL QUESTIONS.— 1. Why does doth Bhrink wheo wet? 8. Why do 
BaUors at a boat-race wet the sails ? 8. Why is writing-paper sized ? 4. Why does 
paint prevent wood from shrinking ? 6. What is the shape of the sarflace of a glass- 
ftill of water f Of mercury ? 6. Why can we not perfectly dry a towel by wringing? 
7. Why will not water mn through a fine sieve when the wires are greased ? 8. Why 
will camphor dissolve in alcohol, and not in water ? 9. Why will mercury rise in zinc 
tabes as water will in glass tabes ? 10. Why is it so difficult to lift a board oat of 
water? 11. Why will ink spilled on the edge of a book extend flirther inside than if 
spilled on the side of the leaves ? IS. If yon shoold happen to spill some ink on the 
edge of yoar book, ought you to press the leaves together ? 13. Why can you not 
mix water and oil ? 14. What is the object of the spout on a pitcher ? Ans, The 
water would run down the side of the pitcher by the force of adhesion, but the spout 
throws it into the hands of gravitation before adhesion can catch it. 15. Why will 
water wet your hand, while mercury will not ? 16. Why is a pall or tub Uable to lUl 
to pieces if not filled with water or kept in a damp place ? 17. Name instances where 
the attraction of adhesion is stronger than that of cohesion. 18. Why does the water 
in Fig. 29 stand higher inside of the tube than next the glass on the outside ? 19. Why 
Will clothes-lines tighten and sometimes break during a shower? 90. Show that the 
law of the diflhsion of gases aids in preserving the purity of the atmosphere. 21. In 
casting large cannon, the gun is cooled by a stream of cold water. Why? 29. Why 
does paint adhere to wood ? Chaik to the blackboard ? 28. Why does a towel dry 
one*s foce after washiDg? 24. Why will a greased needle float on water? 25. Why 
la the point of a pen slit ? 96. Why is a thin layer of glue stronger than a thick one ? 

* Rose balloons lose their buoyancy, because the hydrogen escapes through the 
pores of the rubber. If they were filled with air and placed in a jar of hydrogen, that 
gas would creep in so rapidly as to burst them.— The quicker flow ttom the thinner 
to the thicker fluid is termed endoemose^ and the opposite, slower current, tgootnum, 
—In performing the experiment shown in Fig. 27, coal-gas may be used. 



II. ATTRACTION OF GRAVITATION. 

We hare spoken of the attraction existing between the 
molecnlea of bodies at minute distancea. We now notice an 
attraction which acts at all distances. 

1, Law of GraTitatlon. — Hold a stone in the hajid, 
and you feel a power constantly drawing it to the ground. 
We call this familiar phenomenon weight. It is really the 
attraction of the earth pulling the stone back to itself — an 
instance of a general law, one operation of an eYer-actiye 
force. For every particle of mcUter tn 
"^ *■ the universe * attracts every other parti- 

cle, the force exerted between any two 
particles beiny directly pr<^)Ortional to 
the product of their masses, and inversely 
03 the square of their distance apart. 

Gravitation ia the general term for 
tho attraction that exists between all 
bodies in the universe. Gravity is the 
earth's attraction for terrestrial bodies ; 
it tends to draw them toward the centre 
of the earth. Weight is the measure of 
tho force of grayitj. When we say that 
a body weighs 10 lbs., we mean that 
the earth attracts it that amount. 

2. Illuatratious of Q-raTlty. — A 
stone falls to the ground because the 

• Tbe ftirce oFgisrltilion realdes In eier? particle oF matter, and hence It !■ not 
canflDed to out own warLd. By Ite actloD the heavenlf bodlea are bound to one 
■noUier, and ttaoa kept in their orbits. It moy help db lo concelva hoB tlie earth 1* 
BDpported, If ve Imagine the f-ua letting donn a buge cable, and ever? star Id the 
heAveofl A tiny thread, to hold onr globe In Iti place, while it in turn aendB back a 
cable to the Bnnaiid a threail to ererj one of Ibeitara. Sane are bonndlo them and 
. Thne tho wnilda thronghont BpBce are linked togelher bj theM cords ol 
" a, which, lutarweavlug In ererj direetlan, make the UDlreiM > mlL 
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eartli attracts it ; but in turn the stone attracts the earth. 
Each moyes to meet the other, but the stone passes through 
as much greater distance than the earth as its n^ass is less. 
The mass of the earth is so great that its motion is imper- 
ceptible. — ^A plumb-line hanging near a mountain is attracted 
from the yerticaL In Fig. 28, AB represents the ordinary 
position of the line, while AG indicates the attractiye power 
(exaggerated) of the mountain.* 

3. Laws of Weight. — ^L The weight of a body at the 
centre of the earth is nothing, because the attraction there is 
equal m eyery direction. 

n. Tlie weight of a "body above the surface of the earth 
decreases as the square of the distance from the centre of the 
earth increases.^ 

ILL The weight of a body varies on different portions of the 
surface of the earth. J It will be least at the equator, because 
(1), on account of the bulging form of our globe, a body is 
pushed out from the mass of the earth, and so remoyed from 
the centre of attraction; and (2), the centrifugal force is 
the strongest. It will be the greatest at the poles, because 
(1), on account of the flattening of the earth, a body is 

* Masketyne, in 1774, fbnnd the attraction of Monnt Schehallien to be 1Sf\ By 
comparing this force with that of the earth, the ppeciflc gravity of the mountain being 
known, the specitlc gravity of the earth was estimated to be 5 times that of water. 
Ijater investtgations make it 5.67. 

t A body at the sorftce of the earth (4000 miles from the centre) weighs 100 lbs. 

What would be its weight 1000 miles above the snr&oe (5000 mUes fh>m the centre) f 

SoLunoH. (5000 mL)" : (4000 mi.)" : : 100 lbs. : a; = 64 lbs. Or, its weight woald 

4000" 
decrease in the ratio of ^rzjrz = If. Hence it would weigh U ><-100 lbs. = 64 lbs.~The 

8000" 

weight of a body below the snrfkce of the earth is commonly said to decrease directly 
as the distance from the centre decreases. Thus, 1000 mUes below the surlkce, a 
body would lose \ its weight. In fiict, however, the density of the earth increases so 
much toward the centre, that for " ^ of the distance the force of gravity actuaUy be- 
comes stronger than on the surfiace.** 

X ^ these statements concerning weight, a spring-balance is supposed to be em- 
ployed. With a pair of scales, the weights used would become heavier or lighter in 
the same proportion as the body to be weighed. If a spring-scale be graduated to 
indicate correctly at a medium latitude, it would show too little at the equator, and 
too much at the poles. In other words, a pound weighed by such a spring-scale at 
the equator would contain a greater maso of matter than one weighed at the poles by 
•bout j\j part. 
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bronght nearer its mass and tlie centre of attraction ; and 
(3), there is no centrifugal force at those points. 

4. Falling Bodies.— Since the attraction of the earth la 
toward its centre, bodies falling freely moTe in a direct line 
toward that point. This line is called 
""■ *■ a vertical or plumb-line,* 

(1.) Laws of Fallino Bodies. — 
L Under the infiuence of gravity alone, 
all bodies fall with equal rapidity. 
This 18 well illaatrated by the " gainea- 
and-feather experiment." Let a coin 
and a feather be placed in a tabe, and 
the air exhansted. Quickly invert the 
tube, and the two will fall in nearly 
the same time. Let ia the air again, 
and the feather will flatter down long 
after the coin has reached the bottom.f 
Hence we conclndo that in a yacunm 
all bodies descend with eqnal velocity, 
and that the resial^ce of the air is the 
cause of the variation we see between 
the falling of light and of heavy 
bodies. 

II, In the first serond a body gains 
a velocity of Z% feet andfalU IGfeet-X 
— This has been proved by careful experiments. Notice 
that 16 feet, the distance passed through the first second, is 
the mean between 0, the velocity at the beginning, and 32, 
the velocity at the close. 

siD DDdlngtt. 

t The ume hct maj be noticed In the case or&Bhealar paper. Wbennprssd ont. 
It merely Hatters lo the gTonnd \ tmt wbeD rolled In a coinpBct miBH. It lUla like lead. 
In tbiacue we have not Increased th« force ofBttrac[loii,bnt we have dlminlBhed the 
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HX At the end of any given second, the velocity is 16 feet 
multiplied by ttoice the number of the second; and the dis- 
tance passed through during that second is 16 feet multiplied 
hy twice the number of the second minus one. In other words, 
the velocities are as the corresponding even numbers, 2, 4, 

6, 8, etc., and the distances as the odd * numbers, 1, 3, 5, 

7, etc. 

The body commences the second second with a velocity of 
32 feet, and as gravity is a constant force, gains 32 feet 
during the second, making 64 feet = 4 x 16 feet. It com- 
mences the third second with a velocity of 64 feet, and gains 
32 feet^ making 96 feet = 6 x 16 feet. The mean between 
32 feet, the velocity at the beginning of the second second, 
and 64 feet, the velocity at the close, is 48 feet = 3 x 16 ft. 
The mean between 64 feet, the velocity at the beginning of 
the third second, and 96 feet, the velocity at the close, is 
80 feet = 5 X 16 feet. 

IV. In any number of seconds a body falls 16 feet multi- 
plied by the square of the number of seconds. 

We have just seen that a body falls 16 feet the first second 
and 48 feet the next. Hence in two seconds it falls 
16 feet + 48 feet = 64 feet = 23 x 16 feet. In three sec- 
onds it falls 16 + 48 + 80 feet = 144 feet = 3^ x 16 feet. 

(2.) Equations op Falling Bodies. — If we represent 
the velocity of a falling body by v, the distance in any second 
by Sy the total distance by d, and the time by ty the follow- 
ing equations can be derived from the foregoing laws : 

«=82^..(1). (f=16<«..(3). t?» = 64(2..(3). « = 16(3«- 1)..(4). 

If g represent the constant force of gravity, a velocity of 
32 feet per second, we have, 

• = ^....(5). < = V^ P)- <«J (»)• 

d = i^..(6). <?= V^----(6). « = iflr(2« - 1). . . .(10). 

* It wffl aid the memory, if we associate d in ^^ distance" and **odd,** and v in 
** velocity" and *'even.'* — ^To find the odd number corresponding to any second, 
4ouble the number of the second and subtract one. See Explanatory Tables, p. 278. 
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(3.) To Fend the Dbpth of a. Well. — Let a stone fall 
into ifc, and, vith a watch or by the beat of the pnlse, conut 
the eeconds that elapse before yoa hear it strike the bottom. 
Square the nninber of secondB, mnltiply 16 feet by the result, 
and the product is the depth.* 

(4.) Wheic a Body ib Thbown Upwabd, the same 
principles apply, it losing throngh gravity 32 feet in velocity 
each second. The velocity necessary to elerate it to a cer- 
tain point most be what it vould acquire in x'alling that 
distance, f It will rise just as high in a given time aa it 
■would fall in the same time. It a ball be thrown vertically 
into the mr, it will be aa long in falling as in rising, hi. 
theory, it will strike the earth with the same velocity vrith 
which it was thrown ; in practice, however, it loses some of 
its velocity in rising and an equal amonnt in &lling, owing 
to the resJBtance of tbe air. 

5. The Centre of Gravity is that point on which, if 
supported, a body vrill balance itaell The 
*"■ ■>■ liTie of direction is a vertical dravm from 

the centre of gravity ; it is the line along 
which the centre of gravity wonld pass, if 
the body should fall. When a body is at 
rest, the forces which act on every mole- 
cnle in it are said to balance one another, 
or to be in equilibrium, 

(1.) Thbes States op Equiubhium. — 
1st. A body is in stable equilibrium when 
the centre of gravity is below the point of 
support, or when any movement tends to 
raise the centre of gravity. In Mg. 30, 
tbe image has the centre of gravity lowered 
below the point of support by means of 

• A UtUe time U required for Iha loimd to corns to Ibe ear, but tUi li M sUsU 
fliH It HUT ^ neglected. 

f If ■ body be thrown apwiirdwllb(ti>eIodt7otUeftet,b7BiiiilTli]K«tiutlon (SI 
< = - , we find lh*t It win rise for 4 BOCondB. 




eBAVITATIOH. 67 

lead balls. Eemore these, and it immediately falls, but with 
them it is in stable equilib- 
rium. Any movement of the 
toy shown in Fig- 31 tendB to 
raise the centre of gravity, 
and it returns quickly to a 
state of rest. — A needle may 
be balanced on its point by a 
cork and two jack-knives 
(Fig. 32), which lower its 
centre of gravity. 

3d. A body is smd to be 
in unstable equilibrium when 
the centre of gravity is above 
the point of support, or when 
any movement tends to lower 
the centre of gravity. If we take the cork as arranged 

with the knives in Fig. 32, and invert it, 
'*"■'*■ we shall have difficulty in balancing 

the needle ; and, if we succeed, it will 

readily topple oS, as the least motion 

tends to lower the centre of gravity. 
3d. A body is aaiA to be in indifferent 

equilibrium when the centre of gravity 

is at the point of 

support, or when " * 

any movement tends neither to ele- 
vate nor lower the centre of gravity. 
A ball of uniform density on a level 
aui-face will rest in any position, be- 
cause the centre of gravity moves in 
a line parallel to the floor. ■ 

(2.) The Obntbb of Geatitt 
MAT BE Found either by balMicing " 
the body, or by sospendhig it from 
two comers, successively, aa in Fig. 
33. 'Bj a plumb-line obtain the 
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line of direction AE ; then hang the slate from another cor- 
ner, and mark the line of direction BD. The point 0, 
where the two lines cross, is the centre of gravity. 

(3.) General Pbinciples.-— (o.) The centre of gravity 
tends to seek the lowest point. 

(b.) A body will not tip over while the line of direction 
falls within the base, but will as soon as it falls without.* 

(c.) In general, narrowness of base combined with height 
of centre of gravity, tends to instability ; f breadth of base 
and lowness of centre of gravity, produce stability. 

(4.) Physiological Facts. — Our feet and the space be- 
tween them form the base on which we stand. By turning 
our toes outward, we increase its breadth. When we stand 
on one foot, we bend over so as to bring the line of direction 
within this narrower base. When we walk, we incline to 
the right and the left alternately. When we carry a pail of 
water, we balance it by leaning in the opposite direction. 
When we walk up hill we lean forward, and in going down 
hill we incline backward, in unconscious obedience to the 
laws of gravity. We bend forward when we wish to rise 
from a chair, in order to bring the centre of gravity over our 
feet, our muscles not having sufficient strength to raise our 
bodies without this aid. When we walk, we lean forward, 
so as to bring the centre of gravity as far in front as possi- 

* The Leaning Tower of Pisa, in Italy, beantifhUy illnBtrateB this principle (see 
Frontispiece). It is about 188 feet high, and its top leans 15 feet, yet the line of 
direction fiills so fiir within the base that it is perfectly stable, having stood for seven 
centaries. The feeling experienced by a person who for the first time looks down 
from the lower side of the top of this apparently impending structare is startling 
indeed. 

t This is shown by the difficulty in learning to walk upon stilts. The art of bal- 
ancing one^s self may, however, be acquired by practice, as is seen in the Landes of 
southwestern France. During a portion of the year these sandy plains are half- 
covered with water, and in the remainder are still very bad walking. The natives 
accordingly double the length of their legs by stilts. Mounted on these wooden poles, 
which are put on and oflf as regularly as the other parts of their dress, they appear to 
strangers as a new and extraordinary race, marching with steps of six feet in length, 
and with the speed of a trotting-horse. While watching their flocks, they support 
themselves by a third staff behind, and then wHh their rough sheep-skin cloaks and 
caps, Uke thatched roofs, seem to be little watch-towers, or singular lofty tripods, 
scattered over the coMniry,-~iAmoU.) 
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ble. Thna, walkjng is a process of falling. 
When we run, we lean further forward, and 
80 faU faster. (Phtfg., p. 49.) 

6. The Penduliim conflists of a weight 
80 suspended as to swing freely. Its move- 
menta to and fro are termed vibrations or 
oscillations. The path through which it 
passes is called the arc. The extent to which 
it goes in either direction from the lowest 
point is styled its amplitude. Vibrations 
performed in equal times are termed i-sock'- 
ro-nous [isos, equal; chronos, time). 

(1.) Theeb Laws, — I. In the same pen- 
dulum, all vibrations of small amplitude are 
isochronous. If we let one of the halls rep- 
resented in Fig. 34 swing through a short 

Vis. 85. STC, and thoQ 



through a longer one, on 
counting the number of oscil- 
lations per minute, we shall 
find them very uniform. 

IL The times of the vibra- 
tions of different pendulums 
are proportional to the square 
roots of their respective lengths. 
Ex, : A pendulum \ the length 
of another, will vibrate throe 
times OS fast. * Conversely, the 
lengths of diflerent pendulums 
are proportional to the squares 
of their times of vibration. 

* A peDdnlam vhlcb Tlbntes Kcooda 
mnet t» four tlmeB as long ai one vblch 
vibralet halT-BecondB. The appaiaOlB rap. 
reseoted In Fig?. 84 and SBcui be nude b; 
tBj carpenter or Ingenlons pnpU, and wUl 
KTve eiCEllenUf to illuetiate the Ihree Uvi 
Of Uie pendalam. 
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'w- «■ m. 7^ time of th« vibration of the 

gofM pendulum will vary ai different 
placeSf since it decreases as tlie square 
root of the force of gravity increases. 
At the equator a pendnlnm Tibrates 
most slowly, and at the poles most rap- 
idly. The length of a seconds-peadalam 
at New York is aboat 39jV inches. 

(S.) Cbntbb of Oscillation. — ^The 
upper part of a pendalom tends to move 
faster than the lower part, and so has- 
tens the speed. The lower part of a 
pendulum tends to move slower than 
the npper part, and so retards the speed. 
Between these extremes is a point which 
is neither quickened nor impeded by the 
rest, but moves in the same time that it 
would if it were a particle swinging by 
an imaginary line. This point is called 
the centre of oscillation. It lies a little 
below the centre of gravity.* In Fig. 35 
is shown an apparatus containing pen- 
dulnms of different shapes, but of the 
same length. If they are started to- 
gether, they T.ill immediately diverge, 
no two vibrating in the same time. As 
pendulums, they are not of the same 
length. 

(3.) The Centbb of Oscillatioic 
18 Found by Trial. — Hnygens dis- 
covered that the point of suspension and 
the centre of oscillation are interchange- 
able. If, therefore, a pendnlnm be inverted, and a point 
found at which it will vibrate in the same time aa before, 

* TUB determlneB tbe real length 0/ > peadnlum. wblch !■ Uu dlsUncc from tba 
point of aopport (o the ceotre of oKlOatiOD. Tbe ImagliiUT pendnlain ibova 
deBCribed U known In Ptayaic* u tbe BtafU FautuhBn.—W.l liuliei - SaCB nun. 
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this is the former centre of oscillatioQ ; while the old point 
of soapension hecomes tlie new centre of oscillation.* 

(4.) The Penduhtm as a Time-keeper. — The friction 
at the point of Buspension, and the resistance of the air, 
soon destroy the motion of the pendolnm. The clock is a 
machine for keeping up the vihration of the pendulum, and 
counting its heats. In Fig. 36, B is the scape-wheel driven 
hj the force of the clock-weight or spring, and mn the escape* 
ment, moved by the forked arm AB, so that 
only one cog of the wheel can pass at each '^^ "■ 
double vibration of the pendulum. Thus 
the oscillations are counted by the cogs on 
the wheel, while the friction and the resist- 
ance of the air are overcome by the action of 
the weight or apring.t Aa "heat expands 
and cold contracts," a pendalum lengthens 
in enmrner and shortens in winter. A clock, 
therefore, tends to lose time in summer 
and gain in winter. To regulate a clock, we 
raise or lower the pendulum-boh, L, by the 
nut V. 

The gridiron pendulum consists of brass 
and steel rods, so connected that the brass, 
h, k, will lengthen upward, and the steel a, 
b, c, d, downward, and thus the centre of 
oscillation remain unchanged. The m«rcK- 
ricU pendulum contains a cup of mercury 
which expands upward while the pendulum- 
rod expands downward. 

(5.) Other Uses op the Pendulum. — 
(a.) Since the time of vibration of a pendu< 

* The canlie of a«nblloD Is tbs ume ib the «r(m t^ pgrvuMion. Tbe tetter ta 
the paint where we maat Miike > eaepended bodj, If we wish It to rerolvesboDt Ita 
sita wltboat auf Btraln. If we do not bits ball on the bsfa centra of percDHlon, onr 
huidB"atlnB "with the ]sr. (See note, p. MO.) 

t The action of ■ clock Ib dearl? teen br procuring the works of in old clock and 
mteblDs the mnroikanta of the nrloaa paita. 
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Inm indicates the force of gravity, and the force of gravity 
decreases as the square of the distance from the centre of 
the earth increases, we may thus find the semi-diameter of 
the earth at various places, and ascertain the figure of our 

globe, {b.) Knowing the 
force of gravity at any 
point, the velocity of a fall- 
ing body can be determined. 
(c.) The pendulum may be 
used as a standard of meas- 
ures, (df. ) Poucault devised 
a method of showing the 
revolution of the earth on 
its axis, founded upon the 
fact that the pendulum vi- 
brates constantly in one 
plane.* {e.) By observing the difference in the length of a 
seconds-pendulum at the top of a mountain and at the level 
of the sea, the density of the earth may be estimated. 

PRACTICAL QUESTI0N8.~1. When an apple ttiHa to the groond, how much 
Ices the earth rise to meet it f 9. What caaaeB the eawdnst on a miU-pond to collect 
hi large masaes 7 8. Will a body weigh more in a valley than on a mountain f 4. Will 
a ponnd weight foil more slowly ttian a two-ponnd weight f 5. How deep is a well if 
it takes three seconds for a atone to ftl to the bottom ? 6. Is the centre of grayity 
always within a body— as, for example, a pair of tongs ? 7. If two bodies, weighing 
rcspectiTely 2 and 4 lbs., be connected by a rod 2 feet long, where is the centre of 
graylty r 8. In a ball of equal density throns^ut, where is the centre of gravity T 
0. Why does a ball roll down hill ? la Why Is it easier to roll a ronnd body than a 
aqnare one f 11. Why is it easier to tip over a load of hay than one of atone ? 
12. Why is a pyramid snch a stable stmctare ? 18. Where is the centre of gravity 
of a hollow ball? 14. Why does a rope-walker carry a heavy balancing-pole T 
15. What wonld become of a ball if dropped into a hole bored through the centre of 
the earth ? 16. Woald a clock lose or gain time if carried to the top of a monntain f 
If carried to the North Pole ? 17. In the winter, would yon raise or lower the pendn- 
Inm-bob of your clock? 18. Why is the pendulum-bob often madeiiat? 19. What 

* A pendulum 29D feet in length was suspended from the dome of the Ftentheon in 
Paris. The lower end of the pendulum traced its vibrations north and south upon a 
table beneath, sprinkled with fine sand. These paths did not coincide, but at each 
return to the outside, the pendulum marked a point to the right. At the poles of the 
earth, the pendulum, constantly vibrating in the same vertical plane, would perform 
a complete revolution in 24 hours, making thus a kind of clock. At the equator it 
would not change east or west, as the plane of vibration would go forward with tlie 
diurnal revelation of the earth. The shifting of the plane would increase aa the pen* 
dnlnm was carried north or eonth from the equator. 
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"beats off** tbe tfane !n s wstchf 90. What shoald be the length of a pendnhim to 
Tibrate minntes at the latitude of New Tork? Solution. (1 mc.)' : (60 sec)* :: 89.1 in. 
: a;=SJS+ milea. SI. What should be the length of the above to Tibrate half-seconds f 
Quarter-seconds r Honnf 2S. What Is the proportionate time of vibration of two 
pendnhnns, respectlTeiy 16 and 64 Inches long? S3. Why, when yon are standing 
erect asiainst a wall, and a piece of money Is placed between your feet, can yon not 
stoop forward and pick it np ? SI If a tower were 10B feet high, with what velocity 
would a stone, dropped from the smnmit, strike the groond ? S5. A body fiUls in 
5 seconds ; with- what velocity does it strike the ground T 96. How fiur will a body 
fiill in 10 seconder With what vekxdty will it strike the groondf 27. A body is 
thrown upward with a velocity of 19S feet the first second; to what height will it 
ris<;r 28. A ball Is shot upward with a velocity of 836 feet; to what height win it 
rise ? How long will it continue to ascend f 29. Why do not drope of water, felling 
from the douds, strike with a force proportional to the laws of felling bodies ? 
Ant, Because th^ are so small that the resistance of the air nearly destroys their 
velocity. If it were not for this wise provision, a shower of rain-drope would be as 
fetal as one of Minie bullets. 90. Are any two plnmb-linQS parallel ? 81. A stone let 
fall fitMu a bridge strikes the water in 8 seconds. What Is the height? 88. A stone 
fells fitnoa a church-steeple In 4 seconds. What is the height of the steeple? 88. How 
fer would a body fell in the first second at a distance of 1S,000 miles above the earth's 
snrfece? 34. A body at the surfeoe of the earth wei|^ 100 tons; what would be its 
weight 1,000 miles above ? 86. A boy wishing to find the height of a steeple, lets fly 
an arrow that just reaches the Cop and then feUs to the ground. It Is in the air 6 sec* 
onds. Bequired the height. 86. A cat let fen from a baUoon reaches the ground in. 
10 seconds. Bequired the distance. 87. In what time win a pendulum 40 feet long 
make a vibration ? 88. Two meteoric bodies in space are IS miles apart. They 
weigh respectively 100 and 200 lbs. If they should lUl together by their mutual 
attraction, what portion of the distance would be passed over by each body ? 89. If 
a body weighs 9,000 lbs. upcm the surfece of the earth, what would it weigh 2,000 
miles above ? fiOO miles above ? 40. At what distance above the earth wffl a body 
fen, the first second, 21 1 inches? 41. How lyir win a body fen in 8 seconds ? In the 
SthsecoDd? InlOseconds? In the 80th second ? 48. How long would it take for a 
pendulum one mUe in length to make a vibration? 43. How long must a pen- 
dulum be to vibrate three times in 5 seconds ? 44. Will a pendulum made of 
lead vibrate faster than one of the same length made of feathers ? Which would 
come to rest sooner? Why? 45. What would be tbe time of vibration of a 
pendulum 64 metres long? 46. A baU is dropped from a height of 64 feet 
At the nme moment a second ban is thrown upward with sufficient velocity 
to reach the same point. Where win the two balls pass each other? 47. Two bodies 
are successively dropped fit>m the same point with an interval of } of a second. 
When win the distance between them be one metre ? 48. Explain the foUowing 
feet : A straight stick loaded with lead at one end, can be more easily balanced ver- 
ticaUy on the finger when the kiaded end is upward than when it is downward. 49. 
What efltet would the lUl of a heavy body to the earth have upon the motion of the 
earth In its orbit? (In answering this question, imagine the body to feU in various 
directiona toward the earth, as opposed to the motion of the earth, in the same 
direction with the earth*s motion, etc.) 60. If a body weighing a pound on the earth 
were carried to the sun it would weigh about 87 pounds. How much would it then 
attiact the sun? 51. Why does watery vapor float and rain fen? 58. If a body 
weighs 10 kilos, on the suri2u» of the earth, what would it weigh 1,000 kUometres 
above (the earth*s radius being 6.866 km.) ? 68. A body is thrown verticaUy upward 
with a velocity of 100 metres ; how long before it wiU return to its original position? 
54. Bequired the time needed for a body to feU a distance of 8,000 metres. 66. If two 
bodies, weigliing respectively 1 kUo. and 1 demi-kilo., are connected by a rod 9i 
centtmetras long, where is the centre of gravity ? 
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SUMMARY. 

There are certain forces residing in molecolee and acting only ai 
insensible distances, wliicli are known as tlie Molecular Forces. Tlie 
one wliicli ties togetlier molecules of the same kind is styled cohesion. 
The relation between this force and that of heat detennines whether a 
body is solid, liquid, or gaseous. Under the action of cohesion, liquids 
tend to form spheres ; and solids, crystals. The processes of welding 
and tempering, and the annealing of iron and glass, illustrate curious 
modifications of the cohesive force. Molecules of different kinds are 
held together by adhesion. Its action is seen in the use of cement, 
paste, etc, in the solution of solids, in capillarity, diffusion of gases, 
and osmose. 

Gravitation, though weak,* compared with cohesion, acts nni- 
rersally. Its force is directly as the product of the attracting and 
attracted masses, and inversely as the square of their distance apart. 
Gravity makes a stone fall to the ground. The earth and a kilogram 
of iron in midair attract each other equally, but the former is so much 
lieavier that they move toward each other with unequal velocity, and 
the motion of the earth is imperceptible. Weight is the resisted 
attraction of the earth. At the centre of the earth the weight of a 
body would be nothing ; at the poles it would be greatest, and at the 
equator least. Increase of distance above or far below the surface of 
the earth will diminish weight. Were the resistance of the air 
removed, all bodies would fall with equal rapidity. The first second 
a body falls 16 feet (4.9 metres), and gains a velocity of 32 feet 
(9.8 metres). In general, the velocity of a falling body is 16 feet, 
multiplied by the even number corresxK>nding to the second, and the 
distance 16 feet multiplied by the odd number. The centre of gravity 
is the point about which the weights of all the particles composing a 
body will balance one another, i, e,, be in equilibrium. There are ^hree 
states of equilibrium — stable, unstable, and indifferent — according as 
the point of support in a body is above, below, or at the centre of g^^v- 
ity. As the centre of gravity tends to seek the lowest point, its positioD 
determines the stability of a body. The centre of gravity may be 
found by trial or with a plumb-line. A body suBi>ended so as to swing 
freely is a pendulum. The time of a pendulum's vibration is inde- 
pendent of its material, proportional to the square root of its length and 

* As the attraction of grayitation acts so commonly upon great masses of matter, 
we are apt to consider it a tremendous force. We, however, readily detect its rela- 
tive feebleness when we compare the weight of bodies with their tenacity. Ex. s 
Think how much easier it is to lift an iron wire against gravity than to pull it to 
pieces against oohesion. 
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Tariable acooTding to the latitude. The pendalnm is our time-keeper 
and useful in many scientific investigations. 

We are so accustomed to see all the objects around us possess 
-weight, that we can hardly conceive of a body deprived of a property 
which we are apt to consider as an essential attribute of matter. 
Nothing is more natural, apparently, than the falling of a stone to the 
ground. "Yet," says jyAlembert, "it is not without reason that 
philosophers are astonished to see a stone fall, and those who laugh 
at their astonishment would soon share it themselves, if they would 
reflect on the subject." Gravity is constantly at work about us, at one 
moment producing equilibrium or rest, and at another, motion. When 
it seems to be destroyed, it is only counterbalanced for a time, and 
remains, apparently, as indestructible as matter itself. The stability 
and the incessant changes of nature are alike due to its action. Not 
only do rivers flow, snows fall, tides rise, and mountains stand in 
obedience to gravitation, but smoke ascends and clouds float through 
the combined influence of heat and weight 



HISTORICAL SKETCH. 

The latter part of the sixteenth century witnessed the establidi- 
ment of the principles of falling bodies. Galileo, while sitting in the 
cathedral at Pisa (see Frontispiece) and watching the swinging of an 
immense chandelier which hung from Its lofty ceiling, noticed that its 
vibrations were isochronous. This was the germ-thought of the pen- 
dulum and the clock. Up to his time it had been taught that a 4-lb. 
weight would fall twice as fast as a 2-lb. one. He proved the fallacy 
of this view by dropping from the Leaning Tower of Pisa balls of dif- 
ferent metals — ^gold, copper, and lead. They all reached the ground at 
nearly the same moment. The slight variation he correctly accounted 
for by the resistance of the air, which was not the same for all. 

Newton, as the story runs, was sitting in his garden one day, and 
noticed the fall of an apple. Reflecting upon the force which drew it 
to the ground, the thought struck his mind that perhaps the same force 
acted upon the heavenly bodies. The moon, for example, revolves 
about the earth in a fixed orbit. Might it not be the attraction of the 
earth which causes the moon to move in this curved path? To test 
this, he calculated how far the moon bends Arom a straight line, i, e., 
falls toward the earth every second. Knowing the distance a body 
falls in a second at the surface of the earth, he endeavored to see how 
far it would fall at the distance of the moon. For years he toiled over 
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this problem, but an erroneous estimate of the earth's diameter then 
accepted by physicists prevented his obtaining a correct result. Finally, 
a mora accurate measurement having been made, he inserted this in 
his calculations. Finding the result was likely to verify his conjecture, 
his hand faltered with the excitement, and he was forced to ask a friend 
to complete the task. The truth was reached at last, and the grand 
law of gravitation discovered (1682). 

The sun-dial was doubtless the earliest device for keeping time. 
The clepsydra was afterward employed. This consisted of a vessel con- 
taining water, which slowly escaped into a dish below, in which was a 
float that by its height indicated the lapse of time. King Alfred used 
candles of a uniform size, six of which lasted a day. The first clock 
erected in England, about 1288, was considered of so much importance 
that a high official was appointed to take charge of it. The clocks of 
the middle ages were extremely elaborate. They indicated the motions 
of the heavenly bodies ; birds came out and sang songs, cocks crowed, 
and trumpeters blew their horns ; chimes of bells were sounded, and 
processions of dignitaries and military officers, in fantastic dress, 
marched in front of the dial and gravely announced the time of day. 
Watches were made at Nuremberg in the fifteenth oentury. They 
were styled Nuremberg eggs. Many were as small as the watches of 
the present day, while others were %b large as a dessert-plate. They 
had no minute or second hand, and required winding twice per day. 

On Attraction, as well as on subsequent topics treated in this 
book, consult Goillemin's " Forces of Nature " ; Atkinson's Ganot's 
Physics ; Amott's " Elements of Physics "; Snell's Olmstead's Natural 
Philosophy ; Todhunter's " Philosophy for Beginners " ; Stewart's 
Elementary Physics ; Silli man's Physics ; Everett's " Text-book of 
Physics"; Young's "Lectures on Natural Philosophy"; Thomson 
and Tait's "Elements of Natural Philosophy"; "Appleton's Cyclo- 
paedia," Articles on Clocks and Watches, Weights and Measures, Gravi- 
tation, Mechanics, etc ; Peck's Ganot's Natural Philosophy ; Miller's 
Chemical Physics, Chap. Ill, on Molecular Force ; Weinhold's Experi- 
mental Physics ; Pickering's " Elementary Physical Manipulation "; 
Fourteen Weeks in Astronomy, Sections on Galileo and Newton, pp. 
2d-34. 

The current numbers of Harper's Magazine ; Scribner's Magazine 
(The World's Work) ; Popular Science Monthly ; Boston Journal of 
Chemistry ; Scientific American ; Knowledge ; and Nature, contain the 
latest phases of science. 
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Nature is a reservoir of power. Tremendous forces are all about us, 
but they are not adapted to our use. We need to remould the energy to fit 
our wants. A waterfall cannot grind com nor the wind draw water. 
Yet a machine will gather up these wasted forces, and turn a grist-mill or 
work a pump, A kettle of boiling water has little of promise ; but 
husband its energy in the steam-engine, and it will weave cloth, forge an 
anchor, or bear our burdens along the iron track, 

" The hero in the fairy tale had a servant who could eat graniic rocks, 
another who could hear the grass grow, and a third who could run a hun- 
dred leagues in half an hour. So man in ncUure is surrounded by a gang 
of friendly giants who can accept harder stints than these. There is no 
porter like gravitation, who will bring down any weight you cannot carry, 
and if he wants aid, knows how to get it from his fellow-laborers. Water 
sets his irresistible shoulder to your mill, or to your ship, or transports vast 
boulders of rock, neatly packed in his iceberg, a thousand miles" 

—Emerson 
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ELEMENTS OF MACHINES. 

The Simple Max^hines are the elements to which all 
machinery can be reduced. The watch with its complex 
system of wheel-work^ and the engine with its belts^ cranks 
and pistons, are only yarious modifications of some of the 
six elementary forms — the lever, the wheel mid axle, the 
inclined plane, the screw, the wedge, and thQ pulley.^ 

They are often termed the Mechanical Powers, but they 
do not produce work ; they are only methods of applying it. 
Here again the doctrine of the Conservation of Energy 
holds good. The work done by the power is always equal 
to the resistance overcome in the weight. 

The Law of Mechanics is, the power multiplied hy the 
distance through which it moves, is equal to the weight multi- 
plied by the distance through which it moves, f Ex. : 1 lb. of 
power moving through 10 feet = 10 lbs. of weight moving 
through one foot, or vice versa. This must include the work 
of moving the machine as well as the weight itself 

1. The Lever is a bar turning on a pivot. The force 
used is termed the pmoer (P), the object to be lifted the 
weight (W), the pivot on which the lever turns the fulcrum 
(F), and the parts of the lever each side of the fulcrum the 
arms, 

Thbee Classes of Levers. — ^In the three kinds, the 
fulcrum, weight and power are each respectively between 
the other two, as may be seen by comparing Figs. 39-41. 

* These six may be still farther reduced to two — the lever and the inclined 
plane. 

t In theory, the parts of a machine have no weight, move with no friction, and 
meet no resistance from the air. In practice, these influences most be considered. 
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First Class. — We wish to lift a heavy stone. Accordingly 

we put one end of a handspike 
under it, and resting the bar on a 
block at P, bear down at P. — ^A 
pump-handle is a lever of the first 
class. The hand is the P, the water 
lifted the W, and the pivot the F. — 
A pair of scissors is a double lever of 
the same class. The cloth to be 

cut is the W, the hand the P, and the rivet the P. 
Second Class. — We may also 

raise the stone, as in Pig. 43, by 

resting one end of the lever on the 

ground, which acts as a fulcrum, 

and lifting up on the bar. — An 

oar is a lever of the second class. 

The hand is the P, the boat the 

W, and the water the P. 

Third Class. — The treadle of a sewing-machine is a lever 

of the third class. The front end resting on the ground is 

the P, the foot is the P, and the force is transmitted by a 

rod to the W, the arm above. — In the fishing-rod, one hand 

is the P, the other the P, and the fish the W.* 

Law of Equilibrium. — A force multiplied by its per- 
pendicular distance from a point is called the moment or 
turning effort of the force about that point as a pivot. In 
the lever, P balances W when the moments about the ful- 
crum are equal. Let PcZ represent power's distance from 

* gee p. zL Freeh Facta and Theories. 




THE LEYEB. 



71 



the P, and Wd weight's distance. Substituting these tenns 
in the law of mechanics^ 



FxFd = WxWd{l), P:W::Wd:Pd{2). 



p=^^V 



The P is 



Fig. 44. 



In the first and second classes, as ordinarily used, we gain 
power and lose time ; in the third class we lose power and 
gain time. 

The Steelyard is a lever of the first class, 
at E, the F at 0, and the W at D. K the dis- 
tance from the pivot of the hook D to the 
pivot of the hook be one inch, and from the 
pivot of the hook C to the notch where E 
hangs be 12 inches, then 1 lb. at E will balance 
12 lbs. at W. If the 
steelyard be reversed 
(Fig. 45), then the dis- 
tance of the F from the 
W is only J as great, and 
1 lb. at E will balance 

48 lbs. at D. Two sets of notches on opposite 
sides of the bar correspond to these different 
positions. 

The Compound Lever consists of several levers 
so connected that the short arm of the first acts 
on the long arm of the second, and so on to the 
last of the series. If the distance of A (Fig. 46) 
from the F be four times that of B, a P of 5 lbs. 
at A will lift a W of 
20 lbs. at B. If the 






Fig. 45. 
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arms of the second lever 
are of the same com- 
parative length, a P of 
20 lbs. at C will balance 30 lbs. at E. In the third 
lever, a P of 80 lbs. at D. will lift 320 lbs. at F. 
With this system of three levers, 5 lbs. at A 
will accordingly balance 320 lbs. at F. To raise 
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the W 1 foot, hoveTer, 
the P must more 61 feet 
ThaB what is gained in 
power is lost in time. 
There is no creation of 
force by the nae of the 

levers ; the rather, there is a small loss because of friction. 
Hay scales are constntcted upon the principle of the 

compoond lever. The 

platform resta on sev- ^^- *>■ 

eral levers, as shown in 

Fig. 47. These are con- 
nected with a side lever, 

which is notched to in- 

dicate the pounds, etc. 

The weight is moved 

along this lever until it 

balances the load of hay. 

2. The "Wlieel and Axle is a kind of perpetaal lever. 
As both arms work continuously, we are not obliged to prop 
up the W and readjust the lever. In 
the windlass used for drawing water 
from a well, the P is applied at the 
handle, the W is the bucket, and the F 
is the axis of the windlass. The long 
arm of the lever is the length of the 
handle, and j^^ 

the short arm 
is the semi- 
diameter o f 

the sjcle. 

This is 
' shown in 

a cross- 

section I 

(Fig. 48) 

where O 
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THE WHEEL AND AXLE. ?3 

is the P, A the long arm, and B the short arm. — In 
Fig. 49, instead of turning a handle we take hold of pins 
inserted in the rim of the wheel. — Fig. 50 represents a 
capstan used on vessels for lifting the anchor. The P is 
applied by handspikes inserted in the axle. — Fig. 51 shows a 
fonn of the capstan employed in moving bnildiugs, in which 
a horse fomiBhes the power. 



Law op Equilibrium. — By taming the handle or wheel 
around once, the rope will he wonnd around the axle and 
the W be lifted that distance. Applying the law of 
mechanics, P x the circumference of the wheel ^ W x cir- 
cumference of the axle ; or, as circles are proportional to 
their radii, 

P : W : : rsdins of tte axle : radins of the wheel. (4) 

Wheelwobk consists of a series of Pio^bs. 

wheels and axles which act upon one 
another on the principle of the com- 
pound lever. The cogs on the cir- 
cumference of the wheel are termed 
teeih, on the axle leaves, and the ade 
itself is called a pinion. If the radius i A" 
of the wheel F be 13 inches, and 
that of the pinion 3 inches, then a P of 1 lb. will apply a 
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force of lbs. to the second wheel E. If the radius of this 
be 12 iaohes, then the second wheel will apply a P of 36 lbs. 
to the third wheel, which, acting oo its axle, will balance a 
W of 216 lbs.* 

3. The Inclined Plajie.— If we wish to lift a heavy 
cask into a wagon, we rest one end of a plank on the wagon- 
box and the other on the gronnd. We can then easily roll 
the cask np this inclined plane. When roads are to be made 



over steep hills, they are sometimes constmcted aronnd the 
hill, like the thread of a screw, or in a winding manner as 
shown in Fig. 53. f 

F[o. M. Law of Equiubeium. — In 

Fig. 54 the P must descend a 
distance CA to elevate the W 
to the height BC. Applying 
the law of mechanics, P x 

• TheWwlU pBBBlbrongh only ,U the diHance of Ihe P. We Ihiw gain power 
and lone speed. If we wish to reverse Ihis we can apply Ihe P to (he aile. and to 
gain speed, Thla is the plan adopted In ftctorie?, where a water-wheel tamlEhea 
■bnndant power, and ipfndlea or other swKt macbloea are to be tamed with sreal 
rapidity. 

t niere ta ■ renurkable aseent of (hie kind oa Hoant Rojal, UoDtreiL 
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length of inclined plane = W x height of inclined plane ; 
hence, 

P : W : : height of inclined plane : length of inclined plane. * (5.) 

If a road ascend 1 foot in 100 feet, then a horse drawing 
up a wagon has to lift only y^ of the load, besides over- 
coming the friction. A body sliding down a smooth inclined 
plane acquires the same velocity that it would in falling the 
same height perpendicularly. A train descending a grade 
of 1 foot in 100 feet tends to go down with a force equal to 
-tJtf of ite weight, f 

4. The Screw consists of an inclined plane wound 
around a cylinder, the former being 
called the thready and the latter the fio. as. 

body. It works in a nut which is fitted 
with reverse threads to move on the 
thread of the screw. The nut may turn 
on the screw, or the screw in the nut. 
The P may be applied to either, by 
means of a wrench or lever. The screw 
is used in vises ; in raising buildings ; 
in copying letters, and in presses for 
squeezing the juice from apples, sugar-cane, etc. 

Law of Equilibrium. — When the P is applied at the 
end of a lever, it describes a circle of which the lever is the 
radius. The distance through which the P passes, is the 
circumference of this circle ; and the height to which the 
W is elevated at each revolution of the screw, is the distance 

* If we roll into a wagon a barrel of pork, weighing 200 lbs., np a plane 13 feet 
long and 3 feet high, we have a; =: 50 lbs. : 200 lbs. : : 3 feet : 12 feet We lift only 
60 lbs., or \ of the barrel, bat we raise it through fonr times the space that would 
1)e necessary if we could elevate it directly into the wagon. We thus lose speed 
and gain power. The longer the inclined plane, the heavier the load we can lift, but 
the more time it will take to do it 

t Near Lake Lucerne is a forest of flrs on the top of Mount Pilatus, an almost 
inacoessible Alpine summit. By means of a wooden trough, the trees are conducted 
into the water below, a distance of eight miles, in as many minutes. One standing 
near hears a roar as of distant thunder, and the next instant the descending tree 
darts past and plunges downward out of sight The force with which it fidls is so 
prodi^ons, that 1^ it jumps out of the trough it is dashed to piecea. 
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betveen two of the threads. Applying the law of mechanics, 
P X circumfereiice of circle = W X Interral between the 
threads; hence, 

P : W : : Interral : drcamfeTeiwM (6.) 

The efficiency of the screw may be increased by length- 
ening the lever, or by diminishing the dii*- 
'"■ "*■ tance between the threads. 

5. The Wedge consists generally of 
two inclined planes placed back to l»ck. 
It is nsed for splitting wood and stone 
and lifting vessels in the dock. Leaning 
chimneys have been rioted by wedges 
driven in on the lower side. Nails, needles, 
pins, knives, axes, etc., are made on the 
principle of the wedge. 

The Law of Equiubrilii is the same as that of the in- 
clined plane — viz.,* 

P : W : : thickness of wedge : lengtli of wedge. (T.) 

G. The Pulley consists of a wheel, within the grooved 
edge of which runs a cord. 

A Fixed Pulley (Fig. 57) merely changes 
the direction of the force. There 
Flo. » is no gain of power or speed, as 
mnst move down as 
weight W rises, and 
le same velocity. It 
ver of the first class in' 
Lrms. By its use a ^ 
g on the ground will 

hoist a flag to the top of a lofty 
pole, and thus avoid the trouble 
and danger of climbing up with 
it. Two fixed pulleys, arranged 
B8 shown in Fig. 58, enable a 

• In prmctlce, however, thle by no mesns accoonts fnr the prodlsloM power of Uie 
wedge. irrt«tieD,lD Uie oUtei machuiicU powen, dlmlnlstiea tbatr eOcknc;; in 
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heavy load to be elevated to the upper story of a bnilding bj 
horse-power. 

A Movable Pullet ia represented in Fig. 59. One- 
hali of the barrel is sustained by the hook while 

the hand lifts the other. As the P ia '^- "" 
one-half the W, it mnst move through 
twice the spaee ; in other words, by 
taking twice the time, we can lift twice 
as much. Thus power is gained and 
time lost. 

We may also explain the single mov- 
able pulley by Fig. 60. A represents 
the F, R the W acting in the line OR, 
and B the P acting in the line BP. This is a 
" lever of the second class ; and as AO = ^ AB, 
P = iW. 
Combinations op Pullets. — (1.) In Kg. 61, we have the 
W sQstwied by three cords, each of 
Pis. 61 which is stretched by a tension equal 
to the P; hence 1 lb, of 
power will balance 3 '^"■ 

lbs. of weight. (2.) In 
Fig. 62,thePwillaus- 
tainaWof ilbs. (3.) 
In Fig. 63, the cord 
marked 1 1 has a ten- 
sion equal to P in each 
part ; the one marked 
% % has a tension equal 
to 3P in each part, and 
^ so OQ with the others. 

The sum of the ten- 
sions acting on W is 16 ; hence "ff = 16 P. 

tbie It !■ enentlal, alBe the wedge would Of back and ths eObct ba lost. In Ute 
othon, the P la applied u a steadj pnsann ; in UilBltlB>niddeiiblow,uiddgpeiHU 
npcoi tika atrlkliig (one of the hanuDer. 
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In this system, D rises twice as fast as 0, four times as fast 

as B, etc Work most stop when D reaches 

'*■'*■ E, which giyea little sweep to A for lifting 

W. (4.) Fig. 64 represents the ordinary 

" tackle-block " used by mechanics. 

Law op Eqciubricji. — When a eontinu- 
ona rope is nsed, let n represent the number 
of separate parts of the cord which sustain 
tiie movable block. We then have 

P=J ,3., 

When the number of movable and of fixed 
pulleys is equal, in general, W = P X twice 
the number of movable pulleys. 

7, ComnlatiTe Contrivanoes. — A hammer, club, pile- 
driver, sling, fly-wheel, etc., are instruments for accumu- 
lating energy to be used at the proper moment Thus we 
may press a hammer on the head of a nail with all our 
strength to no purpose ; but swing the hammer the length 
of the arm, and the blow will bury the nail to the head. 
The strength of onr muscles and the attraction of gravity 
during the fall both gather force to be exerted at the in- 
stant of contact. A fly-wheel by its momentum equalizes 
an irregular force, or produces a sudden effect* 

8. Perpetual Motion. — It is impracticable to make a 
machine capable of perpetual motion. No combination can 
produce energy ; it can only direct that which is applied. 
In all machinery there is friction ; this must ultimately 
exhaust the power and bring the motion to rest The only 
question ia, how long time will be required for the leakage 
to drain the reservoir. 

* We eee tbe formal 1lta«(rat«d in s sewliig-mscUiie, and die latter In > pnncli 
opertled bj ■ treadle. In the one cue, Uie Irregnlsr ictlon ot the foot la turned Into 
■ nnifonD motion, and la Uw oUier IL la couceutrusd to > beiTj blow tbat win pleice 
» Ihtck piece or mctaL 
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PRACTI CAL QU E8TI0N8.— 1. Describe the rudder of a boat as a lever. A door. 
A door-latch. A lemon-equeezer. A pitchfork. A spade. A shovel. A sheep- 
shears. A poker. A pair of tongs. A balance. A pair of pincers. A wheelbarrow. 
A man poshing open a gate with his hand near the hinge. A Bledge-hammer, when 
the arm is swnng from the shoulder. A nut-cracker. The arm (see Physiology, 
p. 48). 2. Show Uie change that occurs from the second to the third class of lever, 
when you take hold of a ladder at one end and raise it against a building, a Why is 
a pinch from the tongs near the hinge more severe than one near the end i 4. Two 
persons are carrying a weight of 26d lbs., hanging between them from a pole 10 feet 
in length. Where should it be suspended so that one will lift only SO lbs. f 6. In a 
lever of the first class, 6 feet long, where should the F be placed so that a P of 1 lb. will 
balance a W of S3 lbs. f 6. What P would be required to lilt a barrel of pork with a 
windlass whose axle is 1 foot in diameter, and handle 3 feet long f 7. What sized 
axle, with a wheel 6 fbet in diameter, would be required to balance a W of one ton by 
a P of 100 lbs. ? 8. What number of movable pulleys would be required to lift a W 
of 200 lbs. by a P of 26 lbs. ? 9. How many pounds could be lifted with a system of 
4 movable pulleys by a P of 100 lbs. ? 10. What W could be lilted with a single 
horse-power * acting on a system of pulleys shown in Fig. 64 f 11. What distance 
should there be between the threads of a screw to enable a P of 26 lbs. acting on a 
handle three feet long, to lift a ton ? 12. How high would a P of IS lbs., moving 
16 feet along an inclined piano, lift a W of 96 lbs. ¥ 18. I wish to roB a barrel of flour 
Into a wagon, the box of which ia four feet from the ground. I can BTt but 24 lbs. 
How long a plank must I get ? 14. Two persons, A and B, at the ends of a bar 6 feet 
long carry a load of 260 pounds. A is stronger than B in the ratio of 3 to 2. At what 
distance from A must the load be suspended ? What part of the load does each 
carry f 15. A lever 10 feet long has its fulcrum at the centre. A weight of 20 pounds 
is applied at one end, and 80 pounds at 18 inches firom the same end. On the other 
side, 80 inches from the end, is a weight of 50 pounds. Where must another weight 
of 40 pounds be placed to produce equilibrium f 16. What W can be lifted with a P of 
100 lbs. acting on a screw having threads 1 inch apart, and a handle 4 feet long? 
17. What is the object of the balls often cast on the ends of the handle of the screw 
used in presses for copying letters? 18. In a steelyard 2 feet long, the distance from 
the weight-hook to the fnlcmm-hook is 2 inches ; how heavy a body can be weighed 
with a pound weight ? 19. Describe the change from the first to the third class of 
lever, in the different ways of using a pitchfork or a vpade. 20. Why are not black- 
sniths' tongs and fire-tongs constructed on the same principle? 21. In a lever of the 
third class, what W will a P of 60 lbs. balance, if one arm be 12 feet and the other 
8 feet long ? 22. In a lever of the second class, what W will a P of 50 lbs. balance, 
with a lever 12 feet long, and the W 8 feet from the F ? 28. In a lever of the first 
class, what W will a P of 50 lbs. balance, with a lever 12 feet long, and the F 3 feet 
from the W ? 24. In a wheel and axle, the P = 40 lbs., the W = 360 lbs., and the 
diameter of the axle = 8 in. Bequired the circumference of the wheel. 26. Suppose, 
in a wheel and axle, the P = 20 lbs., the W = 240 lbs., and the diameter of the wheel 
= 4 feet. Required the circumference of the axle. 26. Required, in a wheel and 
axle, the diameter of the wheel, the diameter of the axle being 10 inches, the P 
100 lbs., and the W 1 ton. 27. Why is the rim of a fly-wheel made so heavy? 
28. Describe the hammer, when used in drawing a nail, as a bent lever, i. e., one in 
which the bar is not straight 29. Describe the four levers shown in Fig. 47, when 
both the load of ha/ and the weight are considered, respectively, as the W and 
the P. 

* A AorwiMnper is a force which is equivalent io^60 foot-pounds, i. e., can raise 
against gravity 660 lbs. one foot in one second, or 83/100 lbs. one foot in one minute. 
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SUMMARY. 

All machines can be resolved into one or more elementary form& 
Of these there are six, viz., the lever, the wheel and axle, the inclined 
plane, the screw, the wedge and the pulley. Though called the 
mechanical powers, they are only instruments by which we can avail 
ourselves of the forces of nature. Molar energy or the motion of 
masses, as of air, water, steam, etc., is thus utilized, while the strength 
of a horse does the work of many men. A force of small intensity 
made to act through a considerable distance becomes one of great inten- 
sity acting through a small distance, and vice versa. No machine is a 
source of power, but in all cases P x Pd = W x Wd. The law of 
energy thus forbids perpetual motion. The lever is a bar resting at 
some part on a prop as a centre of motion. To this simple machine 
may be reduced also the wheel and axle, and the pulley. The crow- 
bar, claw-hammer for drawing nails, pincers, windlass and steelyard 
are examples of the various classes of levers. To the inclined plane 
may be reduced also the wedge and the screw. The laws of falling 
bodies obtain so that on a plane sloping one foot in sixteen a body 
(neglecting friction) would descend only one foot in the first second. 
The awl, vise, carpenter's plane, corkscrew, tackle-block and stairs are 
common modifications of the inclined plane. 



HISTORICAL SKETCH. 

Simple machines for moving large bodies are as old as history. 
The Babylonians knew the use of the lever, the pulley and the roller. 
The Romans were acquainted with the lever, the wheel and axle, and 
the pulley (simple and compound). The Egyptians, it is thought, 
raised the immense stones used in building the Pyramids, by inclined 
planes made of earth which was afterward removed. Archimedes in 
the 3d century B. C, discovered the law of equilibrium in the lever. * 
His investigations, however, were too far in advance of his time to 
be fully understood, and the teachings of Aristotle were long after 
accepted by scientific men. The law of mechanics or of Virtiial 
Velocity, as it is called, was discovered by Galileo. 

* It is often said that ArchimedeB, in anaeion to the tremendoas power of the 
lever, asserted that, Give him a ftilcram and he could move the world. Had he been 
aUowed snch a chance, **the fhlcmm being nine thousand leagues from the centre of 
the earth, with a power of 200 lbs. the geometer would have required a lever IS 
quadriUions of miles long and the power would have needed to move at the rate of a 
cannon-ball to lift the earth one inch in 87 trillionB of years." 



V. 



The waves that moan along the shorty 
The winds that sigh in blowing. 

Are sent to teach a mystic lore 

Which men are wise in knowing^* 
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'' 1. Liquids Influ- 
enced BY Ex- 
ternal Pbes- 
bube only. 



(1.) Law of TransmisgioiL. 

(2.) Water as a Mechanical Power. 

(3.) Hydrostatic Press. 



2. Liquids Influ- 
enced by Gray- 
rnr. 



(8.) Water 
LeTeL 



(4.) Specific 
Gravity. 



< 



" (1.) Four Laws of Equilibrium. 
(2.) Roles for Computing Pressure. 

^ (a.) DeiinUUm and iOut- 

tration. 
(b.) Buoyant force of 

Uquids. ^ 

(c.) To find tpecifUi gnn- 

Uyqfawitd. 
(d.) To find specific grao- 

ivy of a liquid. 
(e.) To find weight qf 

given bulk. 
(f.) To find bulk qf given 

loeight. 
(e.) Tofindvd.qfabody. 
^(E.) FkfoHng bodies. 

f — Definition and General Principles. 

1. Rules concern- / %'\ The velocity that ^ 
ING A Jet. i l\ ^^ ^^^ J^f velocity. 

(^ (3.) To find the quantity. 

2. Effect of Tubes. 
8. Flow of Water in Rivers. 

{(1.) Overshot. 
II! B^"''"*- 
t4.) Turbine. 

f —Definition and General Principijgs. 
1. Air Pump. 

(1.) Weight. 
(2.) Elasticity. 
(3.) Expansibility. 

(1.) The Proof. 

(2 ) Upward Pressure. 

(3.) Buoyant Force. 

(4 ) Amount of Pressure. 

(5.) Pressure Varies. 

(6.) Mariotte's (or Boyle's) Law. 

(7.) Barometer. 

) Lifting. 
) Forcing. 
) Fire-engine. 



2. Condenser. 

3. Properties 
Air. 



OF 



4. 



Pressure 
the Air. 



OF 



6. Pumps. 



i (20 
1(3.) 



6. Siphon. 

7. Pneumatic Inkstand. 

8. Hydraulic Ram. 

9. Atomizer. 

10. Height of the Air. 



I. HYDROSTATICS. 
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Hydrostatics treats of liquids at rest. Its principles 
apply to all liquids ; but water^ on account of its abundance, 
is ts^en as the type. 

1. Liquids Influenced by External Pressure only. 
— (1.) Liquids transmit pressure equally in all direc- 
tions. As the particles of a liquid move 
freely among themselves, there is no loss by 
friction, and any force will be transmitted 
equally upward, downward, and sidewise. 
Thus if a bottle be filled with water and a 
pressure of 1 lb. be applied upon the cork, 
it will be communicated from particle to 
particle throughout the water. If the area 
of the cork be one square inch, the pressure 
upon any square inch of the glass at n, a, b, 
or Cy will be 1 lb. If the inside surface of the 
bottle be 100 square inches, a pressure of 
1 lb. upon the cork will produce a force 
of 100 lbs., tending to burst the bottle. 

Illustrations. — The transmission of pres- 
sure by liquids under 
Fig. 66. somc circumstauces, is 

more perfect than by 
solids. Let a straight 
tube, AB, be filled with 
a cyiinder of lead, and a piston be fitted to the end of the 
tube. If a force be ap- 
plied at P it will be 
transmitted to with- 
out loss. If instead, we 
use a bent tube, the 
force will be transmitted 
in the lines of the ar- 
rows, and will act on P but slightly. If, however, we fill the 





Fig. 67. 





84 FBESSUBB OF LIQUIDS AIFD OASES. 

tabe with water, the force will pass without dimimition.* 
Take a glafis bulb "and 
~~ " stem full of water, as in 

Pig. 68. t If yon are 
careful to let the stem 
slip loosely through yonr 
fingers as the bulb 
strikes, you may pound 
it npon a smooth sur- 
face with all yonr 
strength. The force of 
the blow being instantly 
transmitted from the 
thin glass to the water, 
which is almost incompressible, makes the bulb nearly 
as solid as a ball of iron. pn. m. 

If a Rupert's drop be held 
in a vial of water so as not 
to touch the glass (Fig. 69), 
and the tapering end be 
broken, the water will trans- 
mit the concussion and shat- 
ter the Tial. 

(2.) WaTERAS A MECHAN- 
ICAL POWER. — ^Take two cyl- 
inders, P and p, (Fig. 70) 

fitted with pistons and filled with water. Let the area ofp 
Flo. m he 3 inches and that of P be 
100 inches. Then, accord- 
ing to the principle of the 
equal pressure of liquids, a 
downward pressure of 1 lb. 
on each square inch of the 
small piston will produce an 
upward pressure of 1 lb. 

• Wlib cords, pnlleyB,leTe™, etc., WB alvtjs lose about one-half of tbe IbnslT 
Alctioii; tmt Ibis "liquid ropa" traoemite It wilb no appreciable ]oe«. 
t Tbs pioceBB oi Bmag such bnlba Is bLowq on p. 186. Tbe; ars cheaplj pni- 
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on each square inch of the large piston. Hence a P of 
2 lbs. wiU Uft a W of 100 lbs.* 

(3.) Thb Hydrostatic, or Hydraulio Press (Fig. 71) 
utilizes the principle just explained. As the workman de- 



1 the lever 0, he forces down the piston a upon the 
water in the cylinder A. The preesnre is transmitted 

cbnKd of apparatus dealera and explain not oaij UiIb paint bnt alio the melkod of 
flUlng tbermomeWn. 

* Faecal aiinoDDced the dleeoret? of CUe principle In the roDoirinK worde, "If a 
Teasel full of water closed on alt eldee has two npenlnge. tbe one ■ bnndred times aa 
lann ae the oUier, and if each he tnpplled nltb a pislOD vhlcb fits eiacUj, a man 
pushing tlie email piston will eiert a foice wbich will balance Uut of a hnnilrad mas 
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through the bent tube of water d under the piston G^ which 
lifts up the platform K, and compresses the bales. If the 
area of a be 1 inch and that of 100 inches, a force of 
100 lbs. will lift 10,000 lbs. Still farther to increase the 
efficiency of this press, the handle is a lever of the second 
class. If the distance of the hand from the pivot be ten 
times that of the piston, a P of 100 lbs. will produce a force 
of 1,000 lbs. at a. This will become 100,000 lbs. at C* 
According to the principle of mechanics, P x Prf = Wx W^, 
the platform will ascend r^^ of the distance the hand de- 
scends. This machine is used for baling hay and cotton, 
for launching vessels, and for testing the strength of ropes, 
chains, etc. 

2. Liqtiids Infltiexiced by Gravity. — The lower part 
of a vessel of water must bear the weight of the upper part. 
Thus each particle of water at rest is pressed downward by 
the weight of the minute column it sustains. It must, in 
turn, press in every direction with the same force, else it 
would be driven out of its place and the liquid would no 
longer be at rest. Indeed, when a liquid is disturbed it comes 
to rest — L e., there is an equilibrium established — only when 
this equality of pressure is produced. In consequence of 
this constant pressure the following laws obtain : 

(1.) Four Laws of Equilibrium. — I. Liquids at rest 
press downward^ upward and sidewise with the same force. 
If the series of glass tubes shown in Pig. 72 be placed in 
a pail of water, the liquid will be forced up 1 by the upward 
pressure of the water, 2 by the downward pressure, 3 by the 
lateral pressure, and 4 by the three combined in different 
portions of the tube. The water will rise in them all to the 
same height — /. e,, to the level of the water in the pail. 



* The preeees employed for ralAng the immense tabes of the Britannia Bridge 
across the Menai Strait, were each capable of lifting 2,673 tons, and of " throwing 
water in a vacuam to a height of nearly six miles, or over the top of the highest 
mountain." The difference between a and C may be increased until the weight of a 
girrs hand would lift a man-of-war. 
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IL The pressure increases with the depth. The preesare 
per square foot at the depth of 1 foot is the weight of a 
cubic foot of water — viz., about 63^ lbs. (1,000 ozb.) ; at 
3 feet, twice that amonnt ; and so on. In sea-water it is 
greater, as that weighs 64.37 Iba. per cubic foot. At great 
depths this pressure becomes enormous. If a square glass 
bottle, empty and firmly corked, be sunk into the water, it 
will generally be crushed before sinking ten fathoms. When 
a ship founders at sea, 

the water is forced '^ '* 

into the pores of the 
wood, so that no part 
can ever rise again to 
the surface to reveal 
the fate of the lost 
vessel, 

III. The pressure 
does not depend on the 
shape or size of the vea 
the apparatus shown in 
the water rises to the sam 
in the various tubes, whi 
mnnicate with one anoth 

The Hydrostatic Belle 
sists of two boards, each hinged 

on one side and resting on a rubber bag, to which is at- 
tached an npright tube, A. Water is poured in at A until 



n^ 
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the bsg and the tnbe are filled. The pressnre of the colamn 
of water in the tabs lifts 
the weights hnng by 
croasbara beQeath. It 
will make no difference 
in the weight supported, 
whether we nae A or B, 
although the former 
holds ten times as much 
water as the latter. G, 
however, being longer, 
the water will exert a 
greater pressure. An- 
other form of the appa- 
ratus (Fig. 75) consista 
of two boards connocted 
by a band of leather, ia 
which a tall tube A is inserted. If this be filled with water, 
the pressure will lift a weieht aa 
mach greater than 
the weight of the 
water in the tube 
as the area of the 
bellows - board is 
greater than that 
of the tube. Ap- 
plying the law of 
mechanics, if 1 oz. 
of water raise a 
weight of 50 ozs, 
^"^ ~^ 1 inch, the water 
must fall 50 inches. 

A strong cask fitted with a small 
pipe 30 or 40 feet long, if filled with 
water will be burst asunder.' The 

* Snppoae tbe pip« to hare an sren of A square iDcb, And to hold ) lb. of water. 
Tbe preesnra on each jV of an inch of Ihe Intorlor of the cask would be | lb., U 
W80 lbs. oa ucb •quoie fool — h preunre no conunon burel could BaauUk 
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pressure is as great aa if the tcbe were of the same diameter 
as the cask. In a coSee-pot the small quantity of liquid in 
the spout halauces the large quantity in the reseeL If it 
■were not 80, it would rise in the spout and run out* 

IV. Water seeks its level In Fig. 77 a tank is situated on 
a bill, whence the water is conducted uadergromid through 



a pipe to the foQutwn. In theory the jet will rise to the 
leTel of the reservoir, but in practice it falls short, owing to 
the friction at the nozzle of the pipe <*iiJ in passing through 
the air, and the weight of the falling drops. 

Artesian Welh.\ — Let A B and C D represent curved 
strata of clay impervious to water, and E £ a layer of 
gravel. The rain falling on the hills filters down to C D, 

• nepTfDd^ttntaimBllqaiDtltrofvaterwniUiiubalaDceniolberqiiastltr, 
howerec luge, or will Utl anr weight, bowerer gnat. Is (reqDentljr termed the 
** Hydroetatlc hndoi." It Is onl; an loetaiice of a geoenl law, isd 1b do mon 
puadoiicBl than the acdoD of the lever. 

t Tbej are bo named bectuise they have long been DMd In the prorloce of Aittris 
(UiUu, Aitsslam), France. They were, however, earlj enploTed bf the CblnaH kw 
ttw foifoae of ptoctuing gu and Mlt vtUt. 
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and collects in tliia basin. If a well be bored at H, as soon 
as it reaches the gravel the water will rash upward, nnder 
the tremendona lateral pressure, to the height of the source, 
often sponting high iij air.* 

Welts. — Of the raiu which falls on the land, a part mns 
directly to the streams and part soaks into the soil. The 
latter portion may filter down to an impermeable layer of 
rock or clay, and then nin along till it oozea ont at some 
lower point as a spring ; or, if it cannot escape, it will col- 
lect in the ground. If a well be sunk into this subterra- 
nean reservoir, the water will rise in it to the level around.f 

(2.) EULES FOR COUPUTINQ PRESSURE. — I. To find ike 

pressure on the bottom of a vessel. Multiply the area of the 

■ Tha liunone well a[ Grenellc, Paris. Is at Ibe battom of a lusin whicli extendi 
miles from tbe ci(r. It Is sboat 1.Kua feet deep, and fumlDtics fBB giUone of WBUr 
per minute. The two wells of Chicar^ an? about 700 feet deep, and discha:^ d^lj* 
aboDt 43!.00O esitons. Peln^ eittiatcd od the level prairie, Ibe force witb which tha 
natfr comes totho enrfnio lodlcatea thjitllla enppUcd perbaps from Rock Klver, 100 
milee distant. There are also valnable artestan wells at Lonlsvllle, Kentncky, and 
■t C^rleston, Sonth Cnrolina. When tbe water comes from a Rreat depth it it 
generaUf warm. <See Oeeli>ry< P- 21,) 

i " Prom a far^tfuloess of thia principle (be company which dng tbe Thsmei 
and Mcdway Canal. En^'and, iuciirreil beatj damans. Having ptonnod the canal to 
be tilled at high tide, the will water "pn^ad Immediately Into all (he wells of Uw snr- 
ronndlnR region. Had tbe caoal been dog a few feet lower, Ibe evil wotJd have been 
■voided."— JmoH. 
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base by tho perpendicular height, and that product by the 
weight of a cubic foot of the liquid. 

IL To jind the pressure on the side of a vessel. Multiply 
the area of the aide by half of the perpendicular height,* 
and that product by the weight of a cubic foot of the liquid. 
The preosnre on the bottom of a cubical Teeeel of water is 



/ 



the weight of the water ; on each side, one-half ; and on the 
four eidea, twice the weight ; therefore, on the five sides the 
pressure is three times the weight of the water. 

(3.) Water-level. — The surface of standing water is 
said to be IbtcI — i. e., horizontal to a plnmb-linc. This is 
true for amall sheets of water, but for larger bodies an allow- 
ance must be made for the circular form of the earth (Fig. 
79). The curvature is 8 inches per mile, and increases as 
the square of the distance-f 

■ This cIrdm of tbe rule botda onlywben tbe centra of gravity of (he ^^Se <e aC 
hilt ihe perpendicnlsT height. la Kenoral, the depth of Its rent™ of graTlty below 
the mrbfe eboald be aped as the muIUpller. 

t For two miles It b B liicb«<2' = 3^ iijcbes. If one's ?jc were st the level of 
the wstei; he could not see an object BJ feet high at a aiatance of lu miles. 
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Fie. 80. 




Fig. 81. 



The spirit'level is an instrament used by builders for ler- 

elling. It con- 
sists of a slighilT- 
cnired glass tube 
so nearly fall of 
alcohol that it 
holds only a bub- 
ble of air. When 

the level is horizontal, the bubble remains at the centre of 

the tube. 

(4.) Sfecifio Gravitt, or relative weight, is the weight 
of a substance compared with that of the same bulk 
of another substance. It shows the relative mass or the 
density of a body. Water is taken as the standard^ for 
solids and liquids, and air for gases. 
A cubic inch of sulphur weighs 
twice as much as a cubic inch of 
water; hence its specific gravity 
= 2. A cubic inch of carbonic- 
acid gas weighs 1.52 times as much 
as the same volume of air ; hence 
its specific gravity = 1.52. 

Buoyant Force of Liquids. — ^The 
cube abed is immersed in water. 
The lateral pressure at a is equal 
to that at i, because both sides are 
at the same depth ; hence the body 
has no tendency toward either side of the jar. The upward 

* The water maet be at 89.2° F., itB greatest density. In all exact measiiiementa, 
especiaUy of stands rds, it is necessary to know the temperature. For the scale that 
is a foot long to-day may be more or less than a foot long to morrow ; the measnre 
that holds a pint to-day may hold more or less than a pint to-morrow. Nay, more, 
these measures may not be the same in two consecutiTe moments. When a car- 
penter takes up his rale and applies it to some object, the size of which he wiBbes to 
determine, it becomes in that instant longer than it was before ; wben a droggiEt 
grasps bis measuring glass in his band to dispense some of his preparations, the 
glass increases in size. A person enters a cool room, and at once it becibmes mors 
capacious, for its walls, ceiling and floor, becanae of the heat he imparts, Immediate 
expand.— DroiiMr. 
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preBsnre itt e is greater than the downward pressnre at d, 
becaoBe its depth is greater ; hence the cube has a tendency 
to rise. This upward presenre is called the buoyant force 
of the wat«r. It is equal to the weight of the liquid dit- 
placed. For the downward pressnre at d is the wei^t of 
a colnnin of water whose area is that of the top of the cube, 
and whose perpendicalar height is n d, and the upward 
pressnre at e is equal to the weight of a column of the same 
size whose perpendicular height is c n. The difference 
between the two, or the 
baoj^nt force, is the »».8». 

weight of a l 
water equal to 1 
of the cube. 

The same pi 
is shown in the 
inder-and-bncke 
periment." Tl 
inder a exactly 
the bucket h. 
the glass vessel ii 
the cylinder hi 
empty, the appa 
balanced by 
weights placed 
in the scale- 
pan. Next, 
water is poured 

into the glass vesseL Its buoyant force nuees the cylinder 
and depresses the opposite 8cale>pan. Then water is dropped 
into the bucket ; when it is exactly full, the scales will 
balance again. This proves that "a body in water ia 
buoyed up by a force equal to the weight of the water it 
displaces." — Arckimede^ law, p. 119. 

To Jind tlie specific gravity of a solid. Weigh the body in 
air, and in water ; the difference ia the weight of its volume 
of water; divide its weight in air by its loss of weight in 
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water ; the quotient is the epeciflo gravity. Thns, sulphur 
loses one-h&lf its weight when immersed in water ; hence it 
is twice aa heavy as water, and its epecific grarity ^ 2.* 

To find Ihe apecijic gravity of a liquid hy the spedjic-gramiy 
JlasJc. This is a bottle which holds exactly 1,000 grains of 
wat«r. If it will hold 1,840 grains of sulphiiric acid, the 
specific gravity of the acid is 1.84. 

To find the specific gravity of a liquid by a hydrometer. 
This instrmnent consists of a glass tube, closed at one end 
and having at the other a bulb containing mercory. A 
graduated scale is marked npon the tube. 
*^*' The alcoholmeter, used in testing alcohol, is 

BO balanced as to sink in pure water to the 
zero point. Aa alcohol is lighter than wat«r, 
the instrument will descend for every ad- 
dition of spirits. The degrees of the Bcale 
indicate the percentage of alcohoL Similar 
instruments are used for determining the 
strength of milk, acids, etc 

7^ find the weight of a given volume of any 
substance. Multiply the weight of one cubic 
foot of wat«r by the specific gravity of the 
substance, and that product by the number 
of cubic feet. Ex.: What is the weight 
of three cubic feet of cork? Solution: 
1,000 oza. X J340 f = 240 ozs. ; 240 ozs. x 3 :^ 720 ozs. 

• ir Ihe b(id7wnl Dot sink la waMr sttach It to ■ heavjtiodj. 1. Weigh the 
Behter body in air (A), a. Weigh the besvy body in waler (B). S. Weigh botli 
together In naterfO. Non C 1? le^e than B faccaaee the light bodjbnoye nptbe 

Dpward or lining force = B— C. Therefore the lost of the light bod; In wbUts 



A*B-0. 


Bpec grST. = ^^jj_g 
t TiBLE or Spscino GFiTirr. (See Chem., p. 898.) 
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Cut-lroD 7.31 ' Quicklime iO I 
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7b jind the volume of a given weight of any substance. 
Multjplj the weight of s, cubic foot of water by tbe specific 
gravity of the subet&nce, aod diTide tbe given weight by 
that product. The qnotient is tlie reqnired volume in cubic 
feet. Ei.: What is the volume of 20,000 ozs. of lead? 
Solution: 1,000 ozs.xll.36 = 11,360; 20,000-^11,360 = 
1.76+ cu. ft. 

To find the volume of a body. Weigh it in water. The 
loss of weight is the weight of the displaced water. Then, 
as a cubic foot of water weighs 1,000 ozs., we can easily find 
the volume of water displaced. Ex. : A body loses 10 oz. on 
being weighed in water. The displaced water weighs 10 oz. 
and is ^^ of a cabic foot ; this is the exact volume of the 
body. 

floating Bodies. — A body wiU float in water when its 

weight is not greater than that of an equal volume of the 
liquid, and its weight always equals 

that of the fluid displaced. An egg '^ **■ 

dropped into a glass jar half-full of 

vater (Fig. 84) sinks directly to the 

bottom. If, by means of a funnel 

with a long tube, we pour brine 

beneath the water, the egg will rise. 

We may Tary the experiment by not 

dropping in the egg until we have 

half filled the jar with the brine. 

The egg will then fall to the centre, i 

float. Almost any solid if dissolved 

fillB the pores of the water without add 

volume. This increases its density a 

ant power. A person cffli therefore sv 

easily in salt than in fresh water. *- 

ship will not only float itself, but als 

• B^ud TxtIot uys thiL he coold float on the «arbce of tbe Dad Sea, with * 
log at nood tar > pUlow. ta comTortabl; is If lyiog on > Bpring mattrvH. Aaotba 
tnrdler reiDukB, that on phuufbif! in he vie thrown ont ai;^ lUe a cork ; and 
that oo emergiDK and dirlng btmaeir, the ciretals of salt whkb corerad bli bod/ 
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heavy caigo, because ifc displaces a great volume of water.— 
A body floating in water has its centre of gravity at the 
lowest point, when it is in stable equilibrium .♦ — ^Fishes have 
air-bladders, by which they can rise or sink at pleasure, f 

K rJl'^^^' wv W"T'^'** ■■^- ^^ "^ hoaaekeepers test the Btrength of he. 
by trying whether or not an egg wJU float on It? 8. How mucA water^SlU S.fS 
n-ke • ^on of strong brine 7 a Why can a fat man swim easier than a leimone ? 
4. Why does the firing of a cannon sometimes bring to the surface the bodv nf . 
drowned person? Ant, Because by the ooncnssion it shakes the body lo^fZni 
themndorany object with which it U entangled. 6. Why does the body of adro^ 
person generally come to the Borfaoe of the water, after a time? Afu BetJnZT. 
gasw which are generated by decomposition in the body render it lighterT n we 
let bubbles of air pass up through a glass of water, why will they bSsome llJ^JZ 

when the lock Is full of water? S. Will a pail of water weiirhlnv m«~ Jm. r 
fish in it than without ? 9. If the water filt^ downlh^^'illh t^^SX^^cSlf^: 
to a crevice an inch square and 8S0 feet high, opening at tte bot^ in^^^' 
fissure having 20 square feet of surfoce, what would be the total T>Te^^Z^M^ 

■ ^T ?: '^'^L '"• ^y ^° "^^^^^^ ^ ^^^' ^ moved sT^chZ^^^li! 
^tand ? 1 Why is it so difllcult to w«ie in water when theTls a^y^^f j"^ 
Why IS a mill-dam or canal embankment small at the too and lAnrTi^S^lJ • 
la m digging caiuOs and building railroads, ought not^e ^^to ti^^i^^J 
sideration the curvature of the earth ? 14 Is the water at l^^fnm^ ♦^ 
denser than at the surface? 15. Why does thebubCJf air^na^pS^^ 
the instrument is turned ? Id. Can a swimmer tread on pfe^ of rf^^^^ 
of the water more safely than on land ? 17- Will a vJ^d^^f^o^ ^t^^ 
river than in the ocean? 18. Will iron sink in mercuiy ? 19 'tSp «>T!f^ V 
reservoir in New York is about 80 feet above the ZZ^ il thr^i^i Pa^' 
What is the pressure upon a single inch of the pipe at the latter pot^?^ ^^ 
does cream rise on milk ? 21. If a ship founder at sea, to what depi wiU it dP«L^J 
22. There is a story told of a Chinese boy who acciden^yXppS uTbai ^^^^2^ 
hole where he could not reach it. He flUed the hole^^h WSt^b^t tt^ iJn ^S 
^'rr.r\H°^ Hoally thought of a success^l eCi^nr C^ ycTul^rS 
83. Which has the greater buoyant force, water or oil ? 84. What is thP T^tZ 
four cubic feet of cork? 26. Howmany ounces of iron wlUi^cii^f^t of ^r^^^^^ 
^7^' .'^'J'"''i' S^ Bpeciflc gravity of a body whose weight KteM^ 
and in water 20 grs.? How much is it heavier than water ? «^ WhK^ia hS J^ 

* Herschel tells an amusii^ story of a man who attempted to walk on water bv 
means of bulky cork boots. S«n-cely. however, had he ventured out er^ th?^ Vf 
gravitation seized him, and aU that could be seen was a pair of heels, whos^m^t 
ments manifested a great state of uneashiess in the human appendage belowT 

t It was formerly thought that a fish in water has no weight. It is said thut 
Charles U. ^England once asked the phUosophers of his time to explain this nhT 
nomenon. They offered many wise conjectures, but no one thought of tryin/the 
e^enment At last a simple-minded man balanced a vessel of water, and on a^in? 
a fish, found it weighed just as much as if placed on a dry scale-pan. -wuuk 

t It is a poetical thought that ships may thus sink into submarine enrr*mf« ««^ 
be carried hither and thither With their p^cious caries of f^lThfand^I^^^* 
on voyages that know no end and toward harbors that they never rea^ P*«»«^«» 
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• 

a jmU. ot ftceh or one of nK water? SS. The weights of a frfeoe of sjenlte-rodc fn 
air and water were 8ML8 grs. and 8607^ gn. Find its BpecUlc gravity. 89. A 
Bpecimen of green sapphire from Siam weiglied in air 2t.45 grs. and in water lft.33 
grs. ; required its specifle gravity. 80. A specimen of granite weighs in air 531,8 
grs. and in water 3316 grs. ; wliat is its specific gravity 7 81. Wliat is the bulk 
of a ton of iron T A ton of gold f A ton of copper T 82. What is the weii^t of a 
cabe of gold 4 feet on each sidef 33. A cistern is 18 feet long, 6 feet wide, and 
lO feet deep ; when fhll of water, what is the pressnre on each side 7 9L Why does 
a dead fl«h always float on its back r SSw A given bnlic of water weiglis 08.5 grs. 
and the same balk of mnriatic acid IS grs. What is the specific gravity of the 
acid? 36l A yessel holds 10 lbs. of water; how mach mercory would it contain? 
37. A stone weighs 70 lbs. in air and 60 in water; what is its bulk f 88. A hollow 
ball of iron weighs 10 lbs. ; what most be its bulk to float in water? 89. Snppose 
that Hlero^s crown was an alloy of silver and gold, and weighed 88 oss. in air and 
90^ Qzs. in water. What was the proportion of each metal t 40l Why wHl oil, 
iNrhich floats on water, sink in alcohol T 11. A specific gravity bottle holds 100 gms. 
of water and 180 gms. of solphnric acid. Required the density of the acid. 18. What 
is the density of a body which weighs 58 gms. in air and 16 gms. in water f 13. What 
is the density of a body which weighs 63 gms. in air and 85 gma. in a liquid of a 
de[i8UyQf.85r 



II. HYDRAULICS. 

Hydianlics treats of liqnids in motion* In this, as in 
Hydrostatics, water is taken as the type. In theory, its 
principles are those of falling bodies, bat in practice they 
cannot be relied upon except when verified by experiment. 
The discrepancy arises from changes of temperature which 
Tary the flnidity of the liquid, from friction, the shape of 
the orifice, etc. 

1. Bules Concerning a Jet. — (1.) Thb velocttt op 

A JET IS THB SAME AS THAT OP A BODY PALLIXO PROM 

THE SUKFACE OP THE WATER. We cau SCO that this must 
be so, if we recall two principles : First, '' a jet will rise to 
the level of its source ; '* and second, " to elevate a body to 
any height, it must have the same velocity that it would 
acquire in falling that distance. '* It follows that the 
velocity of a jet depends on the height of the liquid above 
the orifice. 

(2.) To PIKD THE VELOCITY OP A JET OP WATER, USC the 

8th equation of falling bodies, V= V^ gd. in which d is 

5 
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the distance of the orifice below the surface of the ^waier. 
Ex, : The depth of water above the orifice is 64 feet ; re- 
quired the velocity. Substituting^ F= V2 x 32 x 64 = 64 
feet. 

(3.) To FIND THE QUANTITY OF WATER DISCHABa:EI> IN 

A GIVEN TIME, multiply the area of the orifice by the veloc- 
ity of the water, and that product by the number of seconds. 
Ex. : What quantity of water will be discharged in 5 seconds 
from an orifice having an area of ^ sq. foot, at a depth of 
16 feet ? At that depth, V = V^ x 32 x 16 = 32 feet 
per second ; multiplying by ^, we have 16 cubic feet dis- 
charged in one second and 80 cubic feet in five seconds.* 
In practice about f of this can be realized. 

2. Effect of Tubes. — K we examine a jet of water, we 
see its size is decreased just outside the orifice to about two- 
thirds that at the opening. This neck is called the vena 
contracta, and is caused by the water producing cross cur- 
rents as it flows from different directions toward the orifice. 
If a tube of a length twice or thrice the diameter of the 
opening be inserted, the water will adhere to the sides so 
that there will be no contraction, and the flow be increased 
to about 80 per cent, of the theoretical amount. If the tube 
be conical, and inserted with the large end inward, tlie dis- 
charge may be augmented to 95 per cent. ; and if the outer 
end be flaring, it will reach 98 per cent. Long tubes or 
short angles, by friction, diminish the flow of water. It 
is said that to inch pipe 200 feet long will discharge only 
J as much as a very short pipe of the same size. 

3. Flow of "Water in Rivers. — ^A fall of three inches 
per mile is sufficient to give motion to water, and produce a 
velocity of as many miles per hour. The Ganges descends 
but 800 feet in 1,800 miles. Its waters require a month to 



♦ If, at a foot below the enrfece, an opening will fbrnlsh 1 gallon per minnte, to 
double that qnantity the opening must be 4 feet below the top. Again, if a certain 
power will force through a nozzle of a fire-engine a given quantity of water in a 
minute, to double the quantity the power must be quadrupled (p. 36). 
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move down this long inclined plane.* A fall of 3 feet per 
mile ■will make a moniitaiii torrent. The current moves 
more swiftly at the centre than near the shores or bottom of 
a channel, since thei'e is less friction, 

4. Water-wheels are machines for using the force of 
falling water. By bands or cog-wheels the motion of the 
wheel is conducted from the axle into the mill, f 

The OvBKSHOT-WHEEL has on its circumference a series of 
backets which receive the water flow- 
ing from a sluice, C. These hold the 
water as they descend on one side, 
and empty it aa they come up on tlie 
other. Orershot-wheels are valuable 
where a great fall can bo seenred, 
since they require but little water. 
If P denotes the weight of the water 
and d the distance it falls, then the 
total work = P</, Of this amount 
75 per cent, can be made available. 

The TJndershot-\yheel baa projecting boards or Jloats, 
which receive the force of the current. It is of use where 
there is little fall and a large quantity of water. It utilizes 
aboat 25 per cent, of the force. 

Pm. es. rm. ST. 




g Ule Tesppears la Ibe swilLlj baiting u 



100 FBS38CBB OF LIQUIDS AND QABB3. 

The Bkeabt-wheel (Fig. 87) is a tnediiun between the 
two kinda already named. 

The TuRBUTE-WHEEL IS placed horizontally and immersed 
in the water. In Fig. 88, C is the dam and DA the spont 
by which the water 
'*'■"■ is furnished. E ia 

a Bcroll-like casing 
encircling the 
wheel, and open at 
the centre above 
and below. The 
axis of the wheel is 
the cylinder^, from 
■whichradiate plane- 
floats against ^hich 
the water Btrikes. 
To confine the wa- 
ter at the top and 
the bottom is - a 
circnlar disk at- 
tached to the cyl- 
inder and the floats. 
In these disks are 
the swells project- 
ing above and below for discharging the water. They com- 
mence near the cylinder, and swelling ontward scroll-shaped, 
form openings carved toward the cylinder, thus emptying 
the water in a direction opposite to that in which it enters 
the wheel. This form utilizes as high as 90 per cent, of 
the force. F is a band-wheel which conducts the power to 
the machinery. 

The principle of the uribalanced pressure of a column 
of water may also he employed. It is illustrated in the old- 
fashioned Barker's Mill or Reaction- Wheel.* This consists 
of an upright cylinder with horizontal arms, on the opposite 
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Bides of which are small apertures. It reBte in a socket, bo 
as to revolTe freely. Water is supplied from a tank above. 
If the openings in the arms are closed, when the cylinder is 
filled with water the pressnre is equal in all directions and 
the machine is at rest. If now we 
open an apertnre, the pressure is re- Fio. eo. 

liered on that side, and th< 
back from the unbalanced p 
the colomn of water above, 

5. 'Wares are produce 
friction of the wind agains 
face of the water. The w 
the particles of water sq< 
draws them hack again. ' 
vibrate up and down, hut d 
vance.* The forward moi 
the wave is an illusion. Th 
the wave progresses, hut not 
of which it is composed, 
than the thread of the screw 
torn in our hand, or the ui 
of a rope or carpet which 
is shaken, or the stalks 
of grain which bend in 
billows as the wind sweeps 
over them. 

The corresponding 
parts of different waves 
are said to be Uke phases. 
The distance between two like phases, or between the crests 

cao MBllj couEtiact ■ Beacllon-wbeel oT <train or qnllla, poartng Uh water Into Uie 
nprigbt tube \rf m«i» of ■ pitcher or idmlniDg It ■lowlj llironch > Blphon from m 
pail or water placed OQ a Ubie than. 

* Keartbe »horetbeos(illatlODiiaie shorter, and the wafMUDlwluicsd by the deep 
water, are Torped (brward till the lower part ol each one li checliad by the friction on 
the undy beacb, the front becomes weD-nlgh Tertlcal, and the upper part airls over 
and fUls beyond. The rlze ofmooDtaln billows " has been exaggerated. Along 
the coart tlify may reach 90 feet, bat la the open sea the highest ware, from the 
deepest "trooeh" to the very topmost " crat," larely meaaurea orec 30 ISet. 
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of two succeeding waves, ia called a wave-length. Opposite 
phases are those parts which are yibrating in different 
directions, as the point midway in the front of one wave 
and another midway in the rear of the next wave. A tide- 
wa»e may be setting steadily toward the west ; ■waves from 
distaDt storms may he moving upon this ; and above all, 
ripples from the breeze then blowing may diversify the 



surface.* These different systems vrill be distinct, yet the 
joint effect may be very peculiar. If any two systems co- 
incide with like phases, — the crest of one meeting the crest 
of the other, and the farrow of one meeting the furrow of 
the other, — the resulting wave vrill have a height eqnal to 
the sum of the two. If any two coincide with opposite 

• The mumer In wbldi dlfitorent waves move Hmooji: saA npon ooe snather, li 
seen by dropping a hendnilof Btones In water and watching the waTee ae tbej circle 
out ftoa the varlnne centres in ever-widening currei. In Fig. DO Is shovm the 
baantlfn] appearance Ihese waves preeent when reflected flrom the Bidea of a TeaaeL 
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phases, — ^the hollow of one striking the crest of another, — 
the height will be the difference of the two. Thus, if in two 
systems having the same wave-length and height, one is 
exactly half a length behind the other, they will destroy each 
other.* This is termed the interference of waves. 

PRACTICAL QUESTIONS.— 1. How much more water can be drawn from a 
fiuioet 8 feet than from one 4 feet below the sur&ce of the water in a cistern t , % How 
mncb water will be discharged per second from a short pipe having a diameter of 
4 inches and a depth of 48 feet below the surface of the water? 3. When we poor 
mohisttes fh>m a jng, why is the stream so much laiger near the nozzle than at some 
distance from it? 4. Ooght a &acet to extend into a barrel beyond the staves? 
5. What would be the effect if both openings in one of the arms of Barker^s Mill 
were on the same side ? 



Fig. 91. 



III. PNEUMATICS. 

Fnenmatics treats of the general properties and the 
pressure of gases. Since the molecules move among one 
another more freely even than those of liquids, the conclu- 
sions which we have reached with regard to transmission of 
pressure, buoyancy and specific gravity apply also to gases. 
As air is the most abundant gas, it is taken as the type of 
the class, as water is of liquids. 

1. The Air-ptunp is shown 
in its essential features in Fig. 
91. A is a glass receiver stand- 
ing on an oiled pump-plate. 
The tube D, connecting the 
receiver with the cylinder, is 
closed by the valve E opening 
upward. There is a second 

* In the port of Batsha the tidal wave comes up by two distinct channels so un- 
equal in length that their time of arrival varies by six hours. Consequently when 
the crest of high water reaches the harbor by one channel, it meets the low water 
returning by the other, and when these opposite phases are equal, they neutralize 
each other so that at particular seasons there is no tide in the port, and at other times 
there is but one tide per day, and that equal to the difference between the ordinary 
morning and evening tide.~JUt)y<r« Wcsoe Theory, 
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Talye^ P, in the piston, also opening upward. Suppose the 
piston is at the bottom and both valves shut. Let it now 
be raised, and a vacuum will be produced in the cylinder ; 
the expansive force of the atmosphere in the receiver will 
open the valve E and drive the air through to fill this empty 
space. When the piston descends, the valve E will close, 
while the valve P will open, and the air will pass up above 
the piston. On elevating the piston a second time, this air 
is removed from the cylinder, while the air from the re- 
ceiver passes through as before. At each 
stroke a portion of the atmosphere is drawn 
off; but the expansive force becomes less 
and less, until finally it is insufficient to 
lift the valves. For this reason a perfect 
vacuum cannot be obtained. 

2m The Condenser, in construction, is 
the reverse of the air-pump. It is used to 
force into a vessel an increased quantity 
of air.* 

3. Properties of Air.— (1.) Weight.— 
Exhaust the air from a flask which holds 
100 cubic inches, and then balance it. On 
turning the stop-cock, the air will rush in with a whizzing 
noise and the flask descend. It will require 31 grains to 
restore the equipoise, f 




* The practical applications of this pnmp are nnmerons. The soda manafitctarer 
uses it to condense carbonic acid In soda-water reservoirs. — The engineer employs it 
in laying the fonndations of bridges. Large tabes or eaUtans are lowered to the 
bed of the stream, and air being forced in, drives out the water. The workmen are 
let into the caissons by a sort of trap, and work in this condensed atmosphere with 
comfort.— Pneumatic despatch-tubes contain a kind of train holding the mail* 
and back of this a piston iltting the tube. Air is forced in behind the piston or ex- 
hausted before it, and so the train is driven through the tube at a high speed.— In the 
Westinghouse air-brake, condensed air is forced along a tube running underneath 
the cars, and by its elastic force drives the brakes against the wheel. 

t Hermetically close one end of a piece of iron gas-pipe, and fit a stopcock to the 
other. With a condenser crowd into the tube several atmospheres. Weigh the tube 
in a grocer's balance. Turn the stop-cock and let the air escape. Then the beam 
will rise. The amount of the weights required to be added to restore the eqaillbrinm 
Will show the weight of the condensed air. 
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(3.) Blabticitt 18 shown ia a pop-gnn. We compress 

the atmoBphero in the barrel until the elastic force drives 

ont the stopper with a lond report. As we crowd down 

the piston we feel the elasticity of the air yielding to oar 

strength, like a bent spring. — The bottle-imps, or Cartesian 

divers, iUnstrate the same property. Fig. 93 represeuta a 

simple form of this apparatus. The coyer 

of a fmit-jar is fitted with a tin tube, which ^'"* •*■ 

is inserted in a syringe-bolb. The jar is 

filled with water and the direr pUced 

vithin. This is a hollow image of glass, 

having a small opening at the end of the 

curved tail. If we squeeze the bulb, the lur 

viU be forced into the jar and the water 

will transmit the pressure to tlie air in the 

image. This being compressed, more water 

will enter, and the diver will descend. 

On relaxing the grasp of the hand on the 

hnlb, the air will return into it, the air in 

the image will expand, hj its elastic force 

driving ont the water, and the diver, tbns 

lightened of his ballast, will ascend. The 

nearer the image is to the bottom, the less 

force will he required to move it. With a 

little care it can be made to respond to the slightest pres- 
Enre, and will rise and fall as if instinct 
with life.* 

(3.) ExPAssiBiLrrY. — liStawell-dned 
bladder bo partly filled with air and 
tightly closed. Place it under the re- 
ceiver and exhaust the air. The air in 
the bladder expanding will burst it into 
shreds. 

Take two bottles partly filled with 

* TUa experiment (bom aUo the faaoTWl Ibrce of liquid*, Ibeir trauHmlHlon of 
pnasore in ever; dlrectioD, (he lucieaee of Ihe pregeure in propotton lo tliB deptl^ 
nd the priDdpk or Bukei** mu. (See note. p. USJ 
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colored water. Let a bent tube be inserted tightly in A and 

loosely in B. Place this apparatus 
under the receiver and exhaust the air. 
The expansive force of the air in A will 
drive the water over into B. On re- 
admitting the air into the receiver, the 
pressure will return the water into A 
It may thus be driven from bottle to 
bottle at pleasure.* 
Heroes fountain acts on the same principle, 
as may be seen by an examination of Fig. 96. 
Having removed the jet-tube, the upper globe 
is partly filled with water. The tube being 
then replaced, water is poured into the basin 
on top. The liquid runs dov/n the pipe 
at the right, into the lower globe. The air 

in that globe is driven 
Fig. 97. up the tubo at the 

left, into the upper 
globe, and by its elas- 
ticity forces the wa- 
ter there out through 
the jet-tube, forming 
a tiny fountain. 

4. Pressure of the 
Air. — (1.) The Proof. 
— If we cover a hand-glass with one 
hand, as in Fig. 97, on exhausting 
the air we shall find the pressure painful, f Tie over one 





* Prick a hole in the small end of an e^ and place the egg with the big end up 
in a wine-glass. On exhausting the receiver, the babble of air in the upper part of 
the egg will drive the contents down into the glass, and on admitting the air they 
will be forced bactc again. 

t The exhaustion of the air does not produce the pressure on the hand ; it simply 
reveals it. The average pressure on each person is 16 tons. It is equal, however, 
on all parts of the body and is counteracted by the air within. Hence we never 
notice it. Persons who go up high mountains or go down in diving-beUs feel the 
change in the pressure. 
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end of the glass a piece of wet bladder. When dry, exhanst 
the air, and the mem- 
brane will boTBt with a ^°- *■ 
ebarp report.* . 

The Maadebitrg Hemi- 
spheres tali named from 
the city in which Guer- 
icke, their inventor, re- 
sided. They consist of 
two small brass hemispherea, whicli fit closely together, but 

may be separated at pleasure. If, how- 
*^- '*■ ever, the air bo exhausted from within, 

several persons will be required to pall 

them apart. \ In 

whateverposition '"■ ** 

the hemispheres 

are held, the prcs- 

sarc is the eome. 
{U,) Upward 
~ " Pressure. — Fill 

a tumbler with water, and then lay 
a sheet of paper over the top. 
Quickly invert the glass, and the 
water will be supported by the up- 
ward pressure of the air. — Within 
the glass cylinder, , Fig. 100, is a 
piston working air-tight. Connect 
C with the pump by a rubber tube - 




lODKM 



exit of lb 



: or Uie atmoepberc. take a tin cjlinder 15 Inches 
'it one end with a Bio|i-cock or merely leave a hole 
Pal In s Illtle water and boil. When Uie air Ib entlre-j 
penlug wilha bit of solder. Ponrcold 
m, nbeu the cyllDder will collapse u If 



drlTen ont, torn the etop-cock or cloje the ope 
water over the antpide to condense the Bteam 
■crack bj t, bear; blow. 

t Id Ibe Hnsenm at Berlin the bemlHpheree need \>y Oaerlcke In his experlmeats 
are preeerred. Tbey are oT copper, and. by the author's meaEnTemenle. 33 Inches 
ioterlor diameter with a flange an Inch wide, moklDg Ibe entire diameter 9 teet. 
AccompuTlne la a Latin book b; the bnrgomaster describing nni 
experfmeata which he had performed, and coalalnin^ a wood-cat J 
aptiDS of boreef on each side trfing to aeparate the hemiapliereB. 



pneomatic 
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■nd exhanBt the air. The weight will leap np as if can^t 
by a spring. 

(3.) Buoyant Force op the Air.— The law of Archi- 
medea (p. 93) holda true in gaees. Smoke and other light 
flnbstancea float in the air, as wood does in water, because 
they are lighter and are buoyed with a force equal to l!;c 
weight of Iho air they displace. A hollow aphere of copper, 
Fig. 101, i3 balanced in the air by a solid lead weight, but 
it instantly falls on being placed under the receiver and the 



air exhausted. This shows th 
weight was partly sustained b; 
buoyant force of the air. 

(4.) The pressure op the 
sustains a coluhn op mercui 
inches high, op water 34 
high, and is 15 lbs. per squar 
INCH. Take a strong glass tub 
about three feet in length, am 
tie over one end a piece of we 

bladder. When dry, fill the tube with mercury, and inTert 
it in a cup of tho same liquid. The mercury will sink to a 
height of about 30 in. If the ares across the tube be 1 sq. 
in., the metal will weigh nearly 15 lbs. The weight of the 
column of mercury is equal to the downward presaoie on 
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each square incli of the surface of the^ mercury in the cup. 
Hence we coaclnde that the 

pregaare of the atmosphere ^^ ""^ *"■ "*'■ 

is nearly 15 Iba per eq, in, 
and viU balance a column 
of mercury 30 inches high. 
As water is 13^ times light- 
er than mercury, the same 
pressure would balance a 
column of that liquid 13( 
times higher, or 33^ feet.* 

(5.) PBE3SUBB OP THE 

AIR TAaiES-t Changes of 
temperature, moisture, etc, 
constantly Tary the pressure 
of the air, and change the 
height of the column of 
liquid it can support The 
pressure of the air also 
increases with the depth. 
Hence, in a valley ita 
pressure is greater than on 
a mountain. The figures 
^ven in the last paragraph 
apply only to the level of 
the sea and a temperature 
of 60° P. They are the 
standards for reference. 

(6.) Mabiotte's Law. — Fig. 103 represents a long, bent J 

• Poor on Ibe meicuJ7 In Ibe cup (Fig. loe) > little n*ter colored with red ink. 
TbcD Taiw the end of the tabe above the tnrtace of Uki metit], bat uol above that at 
the mler which will rise in the tube, the merGar; pexeing down In heuitifnltj-beaded 
^buJes. The menauial colamn ia onlr 30 Inches high, while (lie water will EH the 
tube, ^nipb the experiment bj ptmcturiiig the bladder with a pin, when the water 
win iuslantl; fUl to the cap below. 

f We lire at the bottom of an aSrlal ocean whoee depth is maa; t^mes that of the 
deepen sea. Its InTiBlble tMea anrge ronnd n» on eveiy lide. More testle»B than 
the seft, tta wavee beat to and fro, and never know a calm. 

I Bj cantionaly inclining the appantne. when a little ^ will ewape, and addfaif 
Bora maearj it needed, the liquid can be made to ataad at ceio in Jxxh anus. 
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'^ 1" glass tube witli the end of the eliort arm cloEed. 
Pour mercury into the long arm until it riees to 
the point marked zero. It stands at the same 
height in both anns, and there is an equilibrium. 
The air presses on the mercui-y ju the long arm 
with a force equal to a cohimn of mercury 30 
inches high, and the elastic force of the air con- 
fined in the short arm is equal to the some amoncL 
Now pour additional mercury into the long arm 
until it stands at 30 inches above that in the short 
arm {Fig. 104), and the pressure is doubled. In 
the short arm, the air is condensed to one-half its 
former dimensions, and the expansive force is also 
doubled.* AVe therefore conclude that the eks- 
tidty of a gas increases, and the volume diminishes 
in pTOportion to the pressure upon it, 

(7.) The Barometer is an instrument for 
measuring the pressure of the air. It consists 
essentially of the tube and cup of mercury in 
Fig. lOS. A scale is attached for convenience of 
reference. The barometer is used (a) to indicate 
the weather, and {V) to measure the height of 
mountains. 

It does not directly foretell the weather. It 
simply shows the varying pressure of the air, from 
which we must draw our conclusions. A con- 
tinued rise of the mercury indicates fair weather, and a con- 
tinued fall, foul weather.} Since the pressure diminishes 
above the level of the sea, the obseiTer ascertains the fall of 

• The force with which Ibe llylog molecnles of »lr (notn, p. BO) bcal againsl Uie 
wslld or say cooODtas veetel will Increaefl with the diminnlion of the epace Ibroogli 
which they can paea. If ne gtve them only halfthe dlBtanco to fly Ihrongh, thej wIU 
Btrlke liv1c« >B oncn sod exert Ivrke the pressure. 

t Herenrr 1b oaed for fllliog the barometer because of Its weight and low freezing- 
point. It Is Bald that Itie first bflrometer was Blled with ivfller. The inventor, Olto 
Ton Gaericke, erected a Ull tabe reachtn: from a cli'tera In the celiar up through the 
roof of his honae. A wooden imaee was placed within the tube, floadnj; npon the 
water. On floe days, this novel weather-prophet wonld rise above the roof-top and 
p«B|> out apon the queer old ^bleg oT that ancient city, while In ttnil weather ho 
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the mercury in the barometer, aDd the t«mperatiire by the 
thermometer ; and then, by reference to tables, determines 
the height. 

5t Ptunps. — (1.) The LiFEiNO>PUHF contains two Talres 
opening upward — one, a, at the top of the suction-pipe, B ; 
the other, c, in the piston. Suppose the handle to be raised, 



the piston at the bottom of the cylinder and both Talves 
closed. Sow depress the pump-handle and elevate the pis- 
ton. This will produce a partial vacniim in the suction- 
pipe. The preasnre of the air on the sorface of the wafer 
below will force the water np the pipe, open the valve, and 

wcmld retire to the protfidlon of the garret. The miciirscj of theM moTementi 
■ttracted the •CteaUaD of the nelefabon. Ftaallj, becoming BnBpIcioDi oT Otto'a 
l^etr, Ilier accDsed bim of )>elDg Id leagae with the devil Bo the olTendlDg phlloto- 
plier Fellevcd thia wicked wooden nmn TroJa loD^r dancing &lAepduice upoD tha 
weubar, >nd the mid old eltj ma onoe more it peace. 
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portly fill the chamber. Let the pmnp-handld be ele- 
vated again, and the piston depressed. The valve a will 
then close, the valve c will open and the water will rise 
above the piston (Fig. 107). When the pnmp-handle is 
lowered the second time and the piston elevated, the water 
)s lifted up to the spout, whence it flows oat ; while at the 
same time the lower valve opens and the water is forced up 
from below by the pressore of the air (Fig. 108).* 

(8.) The FoRCE-PCMp has no valve in the piston. The 
water rises above the lower valve as in 
*"■ "■■ the lifting-pnmp. When the piston de- 

scends, the pressore opens the valve and 
forces the water np the pipe T). This 
pipe may be made d an; length, and thus 
the water driven to any height. 

(3.) The FiKE-BNGiNB consists of two 
force-pomps with an air-ch&mber. The 
water is driven by the pistons m, n, alter- 
nately, into the chamber R, whence the 
air, by its expansive force, throws it oat 
in a continnons stream through the hos^ 
pipe attached at Z (Fig. 110). 

6. The Siphon is a U-shaped tube, 
having one arm longer than the other. 
Insert the short arm in the water, and 
then applying the mouth to the long 
arm, exhaust the air. The water will flow 
from the long arm until the end of the 
short arm is uncovered, | 

• If the nlvcB and ptaton were lined alr-tlgbt, the water coaM be raided 34 feel 
(more eisctl; 13) timeB the height of the barometric calnmn) to the lower tbItb, but 
owing to varioDB ImperfectloiiB It icommanly reaches about 38 feet. For a eimUu 
nuon we aometliDee find a dozen BtrokeB neceBBar; to " bring water." 

t Ad InetnictlTe experiment mar be giien If we allow Ibe water lo ran troai one 
taiDMsr Into another oulll JnBt before the flow cenBeB; then qalctly etevale tha glaaa 
tontslnlng the long arm, carentl; keeping liotb ecde of the alphon ondec the walei, 
wltan lbs flow win let back to the Ant uimbler. That we mxj iltaiiuM until m 
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Thboet 

SiPHOK.— Tl 
Enre of the 
holds up thi 
of water a i 
upward pn 
the weight o 
less the weig 
colamn of 1* 
The npward 
at (2 is the 
weight of 
the air 
miatis the 
weight of 
the colanm 



•M that lb« water flowe to Ihe lower level, and c«asei whenever It raachei tbe lame 
lerel Id both Klaean. It wUI add to the beaatf of Ihi* u well u of many otlier 
aipinlniBiiiB, to oolor tli« water with a faw •cales of uugeDia, or with isd ink. 
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of water c d, N'ow e d is less than a b, and the widxr in 

the tube is driven toward the 

• '■•■"'• longer arm by a force equal to 

the difference in the weight of 

the two arms. 

7. The Pneuzoatic Inkstajid 

' can be filled only when tipped so 

that the nozzle is at the top. 

The pressure of the air will retain 

the ink when the stand ia placed 

upright. When used below o, a babble of air passes in, 

forcing the ink into the nozzle. 

8, The Hydraiilic Ram is a machine for raising water 
where there Is a slight fall. The water enters through the 




pipe A, fills the reservoir B, and lifts the valTe D. As that 
closes, the shock raises the valve E and drives the water 
into the air-chamber G. D falls again as soon as an equi- 
librium is restored. A second shock follows, and more 
water is thrown into G. When the air in G is suflSciently 
condensed, its elastic force drives the water through the 
pipe H. 

9< The Atomizer is used to turn a liquid into spray. 
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The blast of air dhTen from the rubber bnlb, as it passes 

over the end of the upright 

tube, sweeps along the neigh- fic. im. 

boring molecnies of mr and 

prodncea a partial Tacnnm in 

the tube.* The presenre of 

the air in the bottle drlTes 

the liquid ap the tnbe, and 

at the mouth the blast of air 

carries it off in fine drops. 

The action of a current of 
air in dragging along with it 
the adjacent still atmosphere 
and so tending to produce a 
Tacuum, is shown by the ap- 
paratus represented in Fig. 115. A globe, a, is connected 



ll\ 



* In 1ocomotlTfl», this prin<dple of tha adb«0ioil or g$»ea to gopei Ifl applied to 
produce a draft. The vite et«m la throvn Into the gmobe-plpe, imd tbia cnrreut 
iweepB off tbe Bmoke from the Ore, while the pressure of the BtmOBphere onUlde 
fonxe the idr thiongfa the fanmce and Incremrea the combnsttoD.—A familUr llliift. 
IntlOTi maj be derieed bj toUng two discs of caidbosrd, the lower one fitted with a 
qnin, and the upper one merely kept from alldlD^ off by a plo Ihm^i through It and 
eiteadlDg into the qnIlL The more forclhly air la driTen tbroogli the quill agiiuat 
the npper disc, the more firml; U will be held to Its place. See arUde " Ball Pan- 
doi," in J^pular Sdtnte MontAli/, April. 1B7I.— Faraday used to illnatrate the prin- 
ciple tluts: Hold the hand ont Out with the fingers extended and pressed togriher. 
Place underneath a piece of paper two inches square. Blow through the opening 
between the lodei and the middle Onger, sod so long as tbe corrent U passing tha 
taper wUl not bU. 
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with a horizontal tube, c, containing colored water. Close 
the opening d with the finger^ and with the month at b 
draw the air out of the globe. A shght rarefaction will 
cause the liquid, by the pressure of the air at the opening/, 
to be forced into a. Now, if, instead of drawing the air 
out at b, a jet of air be forced through the tube and out at 
d, the same effect will be produced. 



10. Height of the Air. — ^Three opposing forces act 
upon the air, viz. : gravity, which binds it to the earth, and 
the centrifugal and repeUent forces, which tend to hurl it 
into space. There must be a point where these balance. At 
the height of 3.4 miles the mercury in the barometer stands 
at 15 inches, indicating that half the atmosphere is within 
about 3^ miles of the earth's surface. The height of the 
atmosphere is yariously stated at from 50 to 500 miles. 

PRACTICAL QUESTIONS.— 1. Why must we make two openings in a barrel of 
dder when we tap It ? 8. What is the weight of 10 cubic feet of air? 8. What is 
the pressure of the air on 1 square rod of land ? 4. What is the pressnre on a pair 
of Magdeburg hemispheres 4 inches in diameter ? 6. How high a column of water 
can the air sustain when the barometric column stands at 28 inches 1 S. If we shouid 
add a pressure of two atmospheres (90 lbs. to the square inch), what would be the 
volume of 100 cubic inches of common air ? 7. If, while the water is running through 
the siphon, we quickly lift the long arm, what is the effect on the water in the siphon ? 
If we lift the entiae siphon ? 8. When the mercury stands at 29i inches in the 
barometer, how high above the sur&ce of the water can we place the lower oump- 
valve ? 9. Can we raise water to a higher level by means of a siphon ? 10. If the 
air in the chamber of a fire-engine be condensed to ^ its former bulk, what will be 
the pressure due to the expansive force of the air on every square inch of the air- 
chamber ? 11. What causes the bubbles to rise to the sur&ce when we put a lump 
of loaf-sugar in hot tea ? 12. To what height can a balloon ascend ? What weight 
can it lift? 18. The rise and fall of the barometric column shows that t!ie air is 
lighter in foul and heavier in fiiir weather. Why is this? Ana, Vapor of water is 
only half as heavy as dry air. When there is a luge quantity present in the atmos- 
phere, displacing its own bulk of air, the weight of the atmosphere wiD be cor- 
respondingly diminished. 14. When smoke ascends in a straight line fh)m chimneys, 
is it a proof of the rarity or the density of the air? 15. Explain the action of the 
common leather-sucker. 16. Did you ever see t bottle really empty ? 17. Why is it 
BO tiresome to walk in miry clay ? Aru. Because the upward pressure of the air is 
removed flrom our feet. 18. How does the variation in the pressure of the air affect 
those who ascend lofty mountains ? Who descend in diving-bells ? 19. Explain the 
theory of "sucking cider** through a straw. 90. Would it make any difference hi 
theactionof the siphon if the limbs were of unequal diameter? 21. If the receiver 
of an air-pump is 5 times as large as the barrel, how many strokes of the piston wiU 
be needed to diminish the air nearly one-hnlf? 22. What would be the effect 
of making a small hole in the top of a diving-bell while in use ? 28. The pressms 
of the atmosphere being 1.0B leg. per sq. cm., what is the amount on 1 are ? On 10 
sq. metres? 
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SUMMARY. 

Sydrostatics treats of the laws of equilibrinm in liquids. Pres- 
snre is transmitted bj liquids equally in every direction. Water thus 
becomes a " meclianical power," as in the " Hydraulic Press/' Liquids 
acted on by their weight only, at the same depth, press downward, 
upward, and sidewise with equal force. This pressure is independent 
of the size of the vessel, but increases with the depth* Wells, springs, 
aqueducts, fountains and the water-supply of cities illustrate the ten« 
dency of water to seek its leveL The ancients understood this law, 
but had no suitable material for making the immense pipes needed ; 
just so the art of printing waited the invention of paper. Specific 
gravity, or the relative weights of the same bulk of different sub- 
stances, is found by comparing them with the weight of the same 
bulk of water. This is easily done, since, according to the law of 
Archimedes, a body immersed in water is buoyed up by a force equal 
to the weight of the water displaced ; £. 6., it loses in weight an amount 
equal to that of the same bulk of water. Hence spec > grav. = 

— . - ^ . — %^ . , . . T— . A floating body displaces only its 

weight m air — weight in water o .^ x- ^ 

weight of liquid. This explains the buoyancy of a ship, why a 

floating log is partly out of water, and many similar phenomena. 

jBydraulics treats of moving liquids. The laws of falling bodies 
in the main apply. So that a descending jet of water will acquire the 
same velocity that a stone would in falling to the ground from the sur- 
face of the water; and an ascending jet would need to have the same 
velocity in order to reach that height. The quantity of water dis- 
charged through any orifice equals the area of the opening multiplied 
by the velocity of the stream. The chief resistance to the motion of a 
liquid is the friction of the air and against the sides of the pipe, and, 
in the case of rivers, against the banks and bottom of the channel. 
The force of falling water is utilized in the arts by means of water- 
wheels. There are four kinds — overshot, undershot, breast, and tur- 
bine. The principles of wave motion, so essential to the understanding 
of sound, light, etc., are easiest studied in connection with water. A 
stone let fall into a quiet pool sets in motion a series of concentric 
waves, whose particles merely rise and fall, while the movement 
passes to the outermost edge of the water, and is then transmitted to 
the ground beyond. The velocity of the particles is much less than 
that of the wave itself. A handful of stones acts in the same way. 
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bat Bets In motloii niftny Beriesof wbtob. .Henoe arise the phenomena 
of interference. 

l^eumaticM treats of the properties and the laws of eqTiilibriiiiii 
of gases. The air being composed of matter, has all the properties we 
associate with matter, as weight, indestructibility, extension, compres- 
sibilitj, etc. In addition, it is remarkable for its elasticity.* The 
elastidtj of the air, according to Mariotte's (and Boyle's) law, is 
inversely proportional to its Yolume, and that is inversely proportional 
to the pressure upon the air ; both heat and pressure increasing the 
elasticity of a gas. The air, Uke other fluids, transmits the weight of 
its own particles, as well as any outside pressure, equally in eveiy 
direction ; henoe the upward pressure or buoyant force of the atmos- 
phere. A balloon rises because it is buoyed up by a force equal to the 
weight of the air it displaces. It floats in the air for the same reason 
that a ship floats on the ocean. When smoke falls it is heavier, and 
when it rises it is lighter than the surrounding atmosphere. The air- 
pump is used for exhausting the air from, and the condenser for con- 
densing the air into, a receiver. A vacuum in which there remains 
only iTnriinFTF ^^ ^^® atmosphere can be obtained by means of Spren- 
gel's air-pump, which acts on the principle of the adhesion of the air 
to a column of falling mercury. The average weight of the idr being 
16 lbs. to the square inch, equals that of a column of water 34 feet, 
and of mercury 80 inches or 760 millimetres high. This amount varies 
incessantly through atmospheric changes caused by alterations in the 
wind, heat of the sun, etc. The barometer measures the weight of the 
atmosphere, and is used to determine the height of mountains and the 
changes of the weather. The action of the siphon, the pneumatic ink- 
stand, and of the different kinds of pumps, is based upon the pressure 
of the air. 

* The elasticity of the air, as well as the principles explained by the Cartesian 
diver, Fig. 93, may be illnstrated in the following simple manner : Fill with water a 
wide-month, 8-oz. bottle, and -also a tiny vial, snch as is nsed by homoeopathists. 
Invert the vial and a few drops of water will ran ont Now put it inverted into the 
bottle, and if it does not sink Jnst below the snrfiice and there float, take it oat and 
add or remove a little water, as may be needed. When this result is reached, cork 
the bottle so that the cork touches the water. Any pressure on the cork will then be 
tranamitted to the air in the vial, aa in the image in Fig. 9& 
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HISTORICAL SKETCH. 

hydrostatics is comparatiTely a modem science. The Romans had 
a knowledge of the fact that " liqnids rise to the level of their source/' 
but thej had no means of making iron pipes strong enough to resist 
the pressure.* They were therefore forced to carry water into the 
imperial city by means of enormous aqueducts, one of which was 6d 
miles long, and was supported by arches 100 feet high. The ancient 
Egyptians and Chaldeans were probably the first to investigate the 
most obvious laws of liquids from the necessity of irrigating their 
land. Archimedes, in the 8d century B. C, invented a kind of pump 
called Archimedes^ Screw, demonstrated the principle of equilibrium, 
known now as "Archimedet^ Law" (p. 117), and found out the method 
of obtaining the specific gravity of bodies. The discovery of the 
last is historical Hiero of Syracuse suspected that a gold crown 
had been fraudulently alloyed with silver. He accordingly asked 
Archimedes to find out the fact without injuring the workmanship of 
the crown. One day going into a bath-tub full of water, the thought 
struck the philosopher that as much water must run over the side as 
was equal to the bulk of his body. Electrified by the idea, he sprang 
out and ran through the streets, shouting: " Eureka 1" (I have 
found it I) 

The ancients never dreamed of assodating the idr with gross mat- 
ter. To them it was the spirit, the life, the breath. Noticing how 
the atmosphere rushes in to fill any vacant space, the followers of 
Aristotle explained it by saying, " Nature abhors a vacuum." This 
principle answered the purpose of philosophers for 2,000 years. In 
1640, some workmen were employed by the Duke of Tuscany to dig 
a deep well near Florence. They found to their surprise that the 
water would not rise in the pump as high as the lower valve. More 
disgusted with nature than nature was with the vacuum in their 
pump, they applied to Galileo. The aged philosopher answered — 
half in jest, we hope, certainly he was half in earnest — "Nature 
does not abhor a vacuum beyond 34 feet." His pupil, Torricelli, how- 



m The ancient engfaieera sometimes availed themselves of this principle. Not far 
from HacheTa Tomb, Jemsalem, are the remains of a conduit once used for supply- 
ing the city with water. The valley was crossed by means of an inverted siphon. 
The pipe was abont two miles long and fifteen inches in diameter. It consisted 
of perforated blocks of stone, ground smooth at the Joints, and fiistened with a hard 
cement* 
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ever, dlfloovwed the aeeret He Teaaoned that there to a force which holds 
up the water, and as mercury is 18} times as heavy as water, it would 
sustain a column of that liquid only 33 feet -t- 13^ = 30 inches high. 
Trying the experiment shown in Fig. 102, he yerified the oondusion 
that the weight of the air is the unknown force. But the opinion was 
not generally received. Pascal next reasoned that if the weight of 
the air is really the force, then at the summit of a high mountain it 
is weakened, and the column would be lower. He accordingly car- 
ried his apparatus to the top of a steeple, and finding a slight fall in 
the mercury, he asked his brother-in-law, who lived near Puy de DOnae, 
a mountain in Southern France, to test the conclusion. On trial, it was 
found that the mercury fell 3 inches. "A result," wrote Penier, 
" which ravished us with admiration and astonishment." Thus was 
discovered the germ of our modem barometer, and the dogma of the 
philosophers soon gave place to the law of gravitation and our present 
▼lews concerning the atmosphere. 

Consult Pepper^s "GyclopsBdic Science"; Bert's '' Atmospheiie 
Pressure and Lif e " in Popular Science Monthly, VoL XI, p. 316 ; 
*'Appleton's Cydopasdia," Articles on Hydromechanics, AtmoeplieFe, 
Pneumatics, etc. Delaunay, "Mecanique Bationnelle"; Boutan et 
D* Almeida, "Cours de Phyrique"; MfUler, "Lehrbuch der Phyak 
und Meteorologie"; Mttller, "Lehrbuch der Eoemischen Physik"; 
Wftllner, "Lehrbuch der Experimental Physik "; Mousson, "Me 
Physik auf Gnmdlage der Erfahrung"; Beetz, ^'Leitfaden der 
Physik"; Kuelp, " Die Schule des Phymkers." 

On the theory of Wave-Motion, and the subjects of Sound and 
Light, which are now to follow, consult Lockyer's ** Studies in Spec- 
trum Analysis"; Lloyd's "Wave Theory"; Taylor's "Sound and 
Harmony"; Blasema's "Theory of Sound in Relation to Music"; 
Tyndairs "Sound" and "Light"; Lockyer's "Water-waves and 
Sound-waves " in Popular Science Monthly, Vol. XIH, p. 166 ; Shaw's 
" How Sound and Words are Produced," in Popular Science Monthly, 
Vol. Xm, p. 43 ; Schellen's " Spectrum Analysis "; Airy's Optics ; 
Lockyer's Spectroscope ; Chevreul's Colors ; Spottiswoode's " Polariza- 
tion of Light"; Lommel's " Nature of Light"; Helmholtz's " Popular 
Lectures on Scientific Subjects"; "Appleton's Cyclopffidia," Articles 
on Sound, Light, Spectrum, Spectrum Analysis, Spectacles, Heat, etc.; 
Stokes's "Absorption and Colors," and Forbes's "Radiation," in 
Science Lectures at South Kensington, Vol. I ; Mayer and Barnard's 
Light; Draper's "Popular Exposition of some Scientific Experi- 
ments," in Harper's Magazine for 1877 ; Core's " Modem Discoveries 
in Sound," in Manchester Science Lectures, '77-8 ; Dolbeare's "Art of 
Projecting"; Draper's "Scientific Memoirs"; Steele's Physiolc^gy, 
Section on Sight, pp. 187-196. 



VI. 

Oj^ SoujrS). 



^ Science ought to teach us to see the invisible as weB as the tdsibie in 
nature : to picture to our minfs eye those operations that entirely elude the 
eye of the body ; to look at the very atoms of matter ^ in motion and in rest^ 
and to follow them forth into the world of the iMW^r/'— Tyndall. 
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L PRODUCTION OF SOUND. 



f (1.) Thiougli aip. 
(2.) In a yacamn. 



d. TRANSMISSION OF 
SOUND. 



(3.) Velocity. 



(4) Intensity. 



8. REFRACTION OF SOUND. 

, (1.) Law of. 
4. REFLECTION OF 
SOUND. 



^ (a.) Depends on 
whatt 
(b.) Bate in air. 
(c.) BateimDater. 
(d.) BateinscUdi, 
(e.) Velocity it 

uniform. 
(f .) r7««i fo jind 

Depends on 
whcUf 

(b.) Law of, 

(c.) Speaking- 
tubes, etc 






5. MUSICAL SOUNDS. 



(2.) Echoes. 

(3.) Decrease of Intensity. 

(4.) Aconstic Clouds. 

(1.) Difference between Noise and 

Music. 
(2.) Pitch. 

(3.) To find Number of Waves. 
(4.^ To find Length of Waves. 



7. VIBRATION OF 
CORDS. 



(6.) Unison. 
6. SUPER.POSmON OF SOUND-WAVES. 

/• — Definitions. 

(1.) Sonometer. 

(2.) Three Laws. 

(3.) Nodes. 

(4.) Acoustic Figures. 

(5.) Harmonics. 

(6.) Nodes of Bell. 

(7.) Nodes of Sounding-Board. 
^ (8.) Musical Scale. 

8. WIND INSTRUMENTS. 

Yl ( — niustrations. 
i (1.) Sensitive Flames. 
I (2.) Singing Flames. 

10. THE PHONOGRAPH. 

— Description. 
(1.) Range of. 
(2.) Ability to Detect Sound. 



9. SYMPATHETIC 
BRATIONS. 



11. THE EAR. 



ACOUSTICS, OR THE SCIENCE 

OF SOUND* 

1. Production of Sound. — ^By lightly tapping a glass 
fruit-dish, we can throw the sides into motion visible to the 
eye. — ^Fill a goblet half-full of water, and rub a wet finger 
lightly around the upper edge of the glass. The sides will 
vibrate, and cause tiny waves to ripple the surface of the 
water. — ^Hold a card close to the prongs of a vibrating 
tuning-fork, and you can hear the repeated taps. Place the 
cheek near them, and you will feel the 
little puSs of wind. Lisert the handle 
between your teeth, 
and you will expe- ^** "*' 

rience the indescrib- 
able 
thrill 
of the 

swinging metal. The tuning-fork may be made to draw 
the outline of its vibrations upon a smoked-glass. Fasten 
upon one prong a sharp point, and drawing the fork along, 
a sinuous line will show the width (amplitude) of the 
vibrations. 

* The term sound is used in two senses— the nUifecHve (which has reference to onr 
mind) and the defective (wliich refers to the objects aroand as). (1.) Sound is the 
sensation produced upon the organ of hearing by vibrations in matter. In this use 
of the word there can be no sound where there is no ear to catch the vibrations.— 
An oak foils in the forest, and if there is no ear to hear it there is no noise, and the 
'old tree drops quietly to its resting-place.— Nlagara^s flood poured over its rocky 
precipice for ages, but fell silently to the ground. There were Uie vibrations of earth 
and air, but there was no ear to receive them and translate them into sound. When 
the first foot trod the primeval solitude, and the ear felt the pulsations from the 
torrent, then the roaring cataract found a voice and broke its lasting silence.- A 
trumpet does not sound. It only carves the air into waves. The tympanum is the 
beach on which these break into sound. (2.) Sound is those vibrations of matter 
capable of producing a sensation upon the organ of hearing. In this use of the word 
there can be a sound in the absence of the ear. An object fidls and the vibrations are 
produced, though there may be no oigan of hearing to receive an impression fi*om 
them. TbiB ia the sense in which the term socad is commonly used. 
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S. Tmosmissloii of Soand. — (1.) Thsouoh Am 
The {otiiig of a tuning-fork advances condensing the air in 
front, and then recedes, leaving hehind it a partial vacnniu. 
Thia proceas is repeated until the fork comes to reel, and 
the Bonnd ceases. £ach vibration prodnces a soand-wave of 
air, which contains one condensation and one rarsfactioD. 
In water, we meaaare a wave-length from crest to crest ; in 
air, from condensation to condensation. The condenBation 
of the sonnd-wave corresponds to the crest, and the rarefac- 
tion of the Boond-vave to the hollow of the water-wave. In 



expand suddenly and force the ur outward in 
every direction. This hollow shell of condensed mr imparte 
its motion to that next, while it springs back by its elasticity 



and becomes rarefied. The second shell rushes forward with 
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the motioii received, then bonnds back and becomes rarefied. 
Thus each shell of air takes up the motion and imparts it to 
the next The wave, consisting of a condensation and a 
rarefaction, proceeds onward. It is, however, as in irater- 
waves, a movement of the form only, while the particles 
vibrate bnt a short distance to and fro. The molecules in 
water-waves oscillate vertically ; those in sound-waves hori- 
MOtUaUy, or parallel to the line of motion. 

If a bell be rung, the adjacent fih. lit; 

air is set in motion ; thence, by a 
series of condensations and rare- 
factions, the vibrations are con- 
veyed to the ear. 

When we speak, we do not shoot 
the air we expel from our Inogs 
into the ear of the listener. We 

simply condense the aii before the i 

month and throw it into vibra- 
tion. Thns a sonnd-wave is 
formed.* This spreads in every 
direction in the form of a sphere 
of which we are the centre.! 

(3.) Ik a vacuum. The bell 
B (Fig. 119) may be set in mo- 
tion by the sliding-rod r. The 
apparatus is gnapended by silt 
cords, that no vibration may be 

conducted through the pump. If ' 

the air be exhausted, the sound 

• A ecmtlauoiu Vltxt of air prodDCM ao Mnmd. The rarh of Uu mud aflrtal 
itTen HboTB ns we never bear. Tbey flow on In the npper r^ODi ceweleul; bat 
rilenllr. A wblrlvdaa IB noledeu. Let, bowever. Ibe gnat bUlowB lulke a tne ud 
wreocb It from the gronad, ind ire cui beu the cecooduy, ■barter warei whidi Mt 
out from the BtmgellDE limbe and the tomahig leaveB, 

t " It Ib marvenouB," Baje Toodudb. " how Blleht u Impnlie throwa ■ Tiit 
■mount of tit Into moHoD. We cui esall]' hear the bod0 of a hlrd BOO ftet abore tu. 
For Ita melodf lo reach n« It mnat have Blled with wave-pnlutlonB a aphsn of ab 
1^ feat In dtamMa, a Mt In nutbm IS toaa t« tba aaiMiplia«." 
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will become so faint that it cannot be heard, even when the 
ep is placed close to the receiver.* 

In elevated regions sounds are diminished in loudness, 
and it is difficult to carry on a conversation, as the voice 
must be raised so high. The reverse takes place in deep 
mines and diving-bells. The sounds then become start- 
lingly distinct, and workmen are enabled to converse audibly 
in whispers. 

(3.) The tblocity of souiro depends on the ratio of the 
elasticity to the density of the medium through which it 
passes. The higher the elasticity, the more promptly and 
rapidly the motion is transmitted, since the elastic foroe 
acts like a bent spring between the molecules; and the 
greater the density, the more molecules to be set in motion^ 
and hence the slower the transmission. 

Sound travels through air {at 3^ F.) IfiQO feet per second, 
A rise in temperature diminishes the density of the air, 
and thus increases the velocity of sound. A difference of 
1° F. makes a variation of about 1 foot. Sound also moves 
faster in damp than in diy air. 

Sound travels through water aiout J^^lOO feet per second 
Water being denser than air should convey sound more 
slowly ; but its high elasticity (p. 20) quadruples the rate. 

Sound travels through solids faster than through air. 
This may be illustrated by placing the ear close to the hori- 
zontal bar at one end of an iron fence, while a person 
strikes the other end a sharp blow. Two sounds will reach 
the ear— one through the metal, and afterward another 
through the air. The velocity varies with the nature of the 
solid, f In the metals it is from 4 to 16 times that in air. 

* There wonid be perf^t eilence in a perfect yacnnm. No pound 1b transmitted 
to the earth from the regions of space. The movements of the heavenly bodies are 
noiseless. In the expressive language of David, ** Their voice is nut heard/* 

t Wbeatstone invented a beautifhl experiment to show the transmission of somid 
through wood. Upon the top of a mnsio-box, he rested the end of a wooden rod 
reaching to the room above, and insnlated fix>m the ceiling by India rubber. A violin 
being placed on the ton of the rod. the Bounds lh>m the box below flUed the upper 
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Different sounds travel with the same velocity.^ A band 
may be playing at a distance^ yet the harmony of the dif- 
ferent instruments is preserved. The soft and the loud, the 
high and the low notes reach the ear at the same time. 

Velocity of sound used to find distance. light travels 
instantaneously so far as all distances on the eartH are 
ooncemed. Sound moves more slowly. We see a chopper 
strike with his axe, and a moment elapses before we hear 
the blow. If one second intervenes the distance is about 
1,090 feet. By means of the second hand of a watch or the 
beating of our pulse, we can count the seconds that elapse 
between a flash of lightning and the peal of thunder which 
follows. Multiplying the velocity of sound by the number 
of seconds, we obtain the distance of the thimderbolt. 

(4.) The rNTBNSiTT of soitnt) is proportional to the 
square of the amplitude, i. e., the arc through which the 
molecules swing to and fro. As in a pendulum, the greater 
the amplitude the greater the velocity. The force of a 
striking body depends upon its mass and the square of its 
velocity (p. 36). So one sound is louder than another, be- 
cause the air molecules hit the ear-drum with greater force. 
On the top of a mountain, because of the rare atmosphere, 
there are fewer molecules to strike the ear ; hence, the blow 
is less intense. 

I%e intensity of sound diminishes as the square of the 
distance increases.^ The sound-wave expands in the form 

nxnn, appearing to emanate trom the TioBn.— Take two small, round, tin boxes and 
pass a Btrtmg string of any length through a hole in the bottom of each, ikstening it 
\sj a knot If the string be drawn tightly, and one box be held to the month of the 
qieaker and the other to the ear of the listener, the fiUntest whisper can be heard. 

* It haa been said that the ** heaviest thunder travels no faster than the softest 
whisper." Mallet, however, found that in blasting with a charge of 2,000 lbs., the 
Tetodty was 967 feet per second, while with 12,000 lbs. it was increased to 1,210 feet 
Pany in his Arctic travels states that, on a certain occasion, the sound of the sunset- 
gun reached his ears before the officer^s word of command to fire, proving that the 
report of the cannon travelled sensibly temier than Uie sound of the voice. 

t The same proportion obtains in Oravitatlon, Sound, Light, and Heat. We have 
seen bow the Pendulum is based upon the fbrce of Gravity, and reveals the Laws of 
Fyiing Bodies. Now we find that the Pendnlnm, and even the prindplee of B efl e cted 



of a sphere. The Iiu^er the sphere, the greater the nambei 
of air particles to be set in motioo, and the feebler their 
Tibration. The sarfaces of spheres are proportional to the 
squares of their radii ; the radii of eonnd-spberes are their 
distances from the centre of disturbance. Hence the force 
with which the molecules vill strike the ear decreases as the 
square of our distance from the sounding body. 

Speaking-tubes conduct sound to distant rooms because 
they prevent the waves from expanding and losing their 
intensity.* The ear-trumpet collects waves of sound and 
reflects them into the ear. The speaking-trumpet is baaed 
on the same principle as the speaking-tube. Probably also 
the sound of the voice is strengthened hy the vibrations of 
the air in the tube. 

3. Refraction of Soimd. — When a sound-wave goes 
obliquely from one medinm to another, it is bent ont of \\s 
eonrse. Like light, it may be passed through a lens and 



brought to a focus. B is a rubber globe, filled with carbonic- 
acid gas ; w is a watch, and /' a funnel which afisists in 
collecting the wave at/, where the ear is placed. The ticks 

notion and HomentiiTn, are Halted with (he phenomena of Sonnd. Ae «e pnigi«sa 
iDHher, we ehaU And howHaCnre la that Interwoven everywhere with prooIB of ■ 

* Kot held a convemUan throneh a Parte water-pipe S.130 feet Iodk. Be aajs 
tlttt"itwuaoau;tolNluud, thatlhs anlj wa; not to be board waauot to speak 
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of the watch can be heard, while ontside the f ocns they are 
inaudible. 

4. Reflection of Sound. — ^When a sonnd-waTe strikes 
against the surface of another medium, a portion goes on 
while the rest is reflected. 

(1.) The law is that of Motion ; — ^the angle of incidence 
is equal to that of reflection.* If the reflecting surface be 
very near, the reflected sound will join the direct one and 
strengthen it. This accounts for the well-imown fact that 
a speaker can be heard more easily in a room than in the 
open air, and that a smooth wall back of the stand re* 
inforces the voice. The old-fashioned "sounding-boards** 
were by no means inefficient, however singular may have 
been their appearance. Shells, by their peculiar convolu- 
tions, reflect the various sounds which fill even the stillest 
air. As we hold them to our ear, they are poetically said to 
** repeat the murmurs of their ocean home.** 

(2.) Echoes are produced where the reflecting surface 
is so distant that we can distinguish the reflected from the 
direct sound. If the sound be short and quick, this requires 
at least 56 feet ; but if it be an articulate one, 112 feet are 
necessary. One can pronounce or hear distinctly about five 
syllables in a second ; 1,120 ft. (the velocity at a medium 
temperature) -^ 5 = 224 ft.f If the wave travel 224 feet 



* Domes and carved walls reflect soimd as mirrors do light. Thus, in the gallery 
under the dome of St. Paul's Cathedral, London, persons standing close to the wall 
can whisper to each other and be heard at a great distance.— Two persons, placed 
with their backs to each other, at the foci of an oval room, or " Whispering Gallery,^* 
can carry on a conversation that will be inaudible to spectators standing between 
them. — The covered recesses on the opposite sides of a street, or the arches of a 
stone bridge, oftentimes reflect sound so as to enable persons seated at the foci to 
converse in whispers while load noises are being made in the open space between 
these semi-domes. 

t When several parallel snrflKes are properly situated, the echo may be repeated 
backward and forward in a surprising manner. In Princeton, Ind., there is an echo 
between two buildings that will retam the word "Knickerbocker" twenty times. 
So many persons visited the place that the city council forbade the use of the echo 
after 9 o'clock at nisrht.— At Woodstock, England, an echo returns 17 syllables by day 
and 90 by night. The reflecting surlkce is distant about 2.800 feet, and a sharp hal 
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in going and retnmingy the two sounds will not blend, and 
the ear can detect an interval between tiiem. A person 
speaking in a loud voice in front of a mirror 112 feet dia- 
tant, can distinguish the echo of the last syllable he utters ; 
at 224 feet, the last two syllables, etc. 

(3. ) ^Decrease of Sound by Reflection. — If we strike 
the bell represented in Fig. 119, we shall find a marked dif- 
ference between its sound under the glass receiver and in 
the open air. Floors are deadened with tan-bark or mortar, 
since as the sound-wave passes from particle to particle of 
the unhomogeneous mass, it becomes weakened by partial 
reflection. The air at night is more homogeneous, and 
hence sounds are heard furtlier and more clearly than in the 
day time. 

(4.) AcousTio CLOUDS are masses of moist air of varying 
density, which act upon sounds as common clouds do upon 
light, wasting it by repeated reflections. They may exist in 
the clearest weather. To their presence is to be attributed 
the variation often noticed in the distance at which well- 
known sounds, as the ringing of church bells, blowing of 
engine-whistles, etc., are heard at different times.* 

■ — ^ 

win come back a ringing Aa, Aa, ha /—The echo Is often Boftened, as In the Alpine 
regions, where it warbles a beantiftil accompaniment to the shepherd^ e bom.— The 
celebrated echo of the MetelU at Rome was capable of distinctly repeating the fint 
line of the iBneid 8 times.— In Fairfluc Comity, Ya., is an echo which wiU retnni 90 
notes played on a flute, but supplies the place of some notes with their thirds^ fifths, 
or octaves.— The tick of a watch may be heard from one end of the Church of St 
Albans to the other.— At Carisbrook Castle, Isle of Wight, Is a well 210 feet deep and 
12 feet wide, lined with smooth masonry. When a pin is dropped into the weO it is 
distinctly heard to strike the water.— In certain parts of the Oolossenm at London 
the tearing of paper sounds like the patter of hail, while a single exclamation comes 
back a peal of laughter.— The Dome of the Baptistry of the Cathedral at Pisa (See 
Frontispiece) has a wonderfhl echo. During some experiments there, the author 
found every noise, even the rattle of benches on the pavement below, to be reflected 
back as if from an inmiense distance and to return mellowed and softened into 
music (note, p. 181). See also p. xi., Fresh Facts and Theories. 

* The extinction of sound by such agencies Is often afanost incredible. Thus two 
observers looking across the valley of the Chickahominy at the battle of Qaines's 
If ill failed to hear a sound of the conflict, though th^ could clearly see the lines of 
soldiers, the batteries and the flash of the guns.— These phenomena are ascribed 
by many (page 264) to an elevation or a depression of the wave-fh>nt so that the 
Bound passes above the observer or is stopped before it reaches him. See SteuHOft 
^yficst p. 14L 
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S. Hnsloal Sounds. — (1.) The ditferekcb BETvrEEN 
NOISE AMD MUSIC IS that between irregular and regular 
Tibrationa. 'Whaterer the cause which Bets the air in mo- 
tion, if the Tibrationa are uniform and rapid enough, the 
Bonnd is mnsicaL If the ticks of a watch could be made 
with snfScient rapidity, they would lose their indiriduality 
and blend into a musical tone. If 
the puffB of a locomotive could 
reach 50 or 60 a aecond, its ap- 
proach would be heralded by a tre- 
mendous organ-peaL* 

(2.) Pitch depends on the rapid- 
ity of the Tibrationa. Thus if we 
hold a card against the cogs of the 
rapidly-revolving wheel in the appa- 
ratos shown in Pig. 16, we shall ob- 
tain a clear tone ; and the faster the 
wheel turns, the shriller the tone, 
i. e,, the higher the pitch, 

(3.) Thbnombeeofwavesina 
souiTD is determined by an instru- 
ment called the Siren. is a cylin- 
drical box ; t, a pipe for admitting 
air ', ai, & plate pierced with four 
aeries of holes, containing 8, 10, 13, 
and 16 orificea respectively ; m, n, 
o,p are stops for closing any series. 



)f London la largel; composed of Krtmlte blocks, Una Inchea In 
wldtfa. A aJj-wheel Jolting OTar this at tbe rata of eight miles per boor prodooea 1 
•occSMlOQ ofSSBonodB pereecoud. These link themeelTcs Into a eoftideep mnBical 
tone, that will bear comparisan with notes derlTsd from more trcnllmental Boni<:eB. 
This tendency ol Nature to mnslc is something wonderTul. "Even Mctlon." says 
TrndaU, "is rhjlhmii^." A bnllst flTing thronjfh the *1t sings solUyas a bird. The 
Umbs and leaves of trees rnnimnr as the; sway in the breeze. The ramble of a great 
city, an the confased nolaes of Nalnre when Mftened by distance, are said to be on 
one plUb'-lhe key of F. Falling water, slnglDg birds, sighing winds, everywhere 
aUest tbat the same DiTine love of the beaatifal which cansea Uie rivers to wind 
Ihrongti the l«iidac»pe, Oie trees to bend in a graceftil cnire— the line of beantj— and 
the nrest flowers to bnd and blossom where no eye save Hla may sea them, delltfitB 
•1*0 tn tbe antham of pnlae which Natnra slnss Ibr Hie ear alone. 
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The rod p is bevelled at ^' eo aa to tnm m the socket x ; 
A is s disk with holes correBpoDding to those in the lover 
plate, over which it reyolves. At 8 is an endless BcreT, 
which causes two wheels to rotate, and thus turns the hands 
nponthedial(Fig.l82). Onthiawe 
Pia. m jj^Q ggg (.jjg nnmber of revolutions 

made by the npper disk. The holes 
in ab and de are inclined to each 
other, BO that, when a current of mr 
is forced in at /,it passes up throngli 
the openings in the lower disk, and 
striking against the sides of those in 
the upper disk, causes it to revolve. 
As that tnms, it alternately opens 
and closes the orifices in the lower 
disk, and thus converts the stead; 
stream of air into uniform pnSs. 
I At first they succeed each other so 
slowly that they may easily be 
counted. Bat, as the motion in- 
creases, they link themselves to- 
gether, and burst into a full, melo- 
dious note. As the velocity ang- 
menta,the pitch rises, nntil the mn- 
sic becomes painfully shrilL Di- 
miniahtheBpeed,and the pitch falls. 
To find, therefore, the nmnber of vibrations in a given 
EOUQd, force the air through the Siren until the required 
pitch is reached. See on the dial, at the end of a minute, 
the number of revolutions of the disk. When the row con- 
taining ten holes is open, and the tone C,, it will indicate 
1,536. There were ten pnfls of air, or ten waves of sound, 
in each revolution. 1,536 x 10 = 15,360. Dividing this 
by 60, we have 256, the number per second. When the 
inner and outer rows of holes are opened, the ear detects the 
difference of an octave between the two sounds. The one 
containing 8 produces the lower, and 16 the higher tone- 



' 
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Hence an octave of a tone is caused by double the nmnber of 

Tibrations. 

(4,) To Find the Length op the Wave. — Suppose the 
air in the last experiment was of such a temperature that 
the foremost sound-waye trayelled 1^120 feet in a second. 
In that space there were 256 sound-waves. Dividing 1,120 
by 256, we have A^ feet as the length of each. We thus find 
the wave-length by dividing the velocity by the number of 
vibrations per second. As the pitch is elevated by rapidity 
of vibration, we perceive that the low tones in music are 
produced by the long waves and the high tones by the short 
ones.* 

(5.) Tones in Unison. —If the string of a violin, the 
cord of a guitar, the parchment of a drum, and the pipe of 
an organ, produce the same tone, it is because they are exe- 
cuting the same number of vibrations per second. If a 
voice and a piano perform the same music, the steel stringis 
of the piano and the vocal cords of the singer vibrate to- 
gether and send out sound-waves of the same length, f 

6. Super-position of Sonnd-waves. — The air may 
transmit sound-waves from a thousand instruments at once. 
If the condensation of one wave meet the condensation of 
another, the sound will be augmented, the condensations 
becoming more condensed and the rarefactions more rarefied 
(p. 102). If the condensation of one meet the rarefaction 

* The aerial wayee are seemingly ehortened when the source of Boond is approach. 
!ng, whether by its own motion or the hearer^s, and lengthened when it is receding. 
In the former case the tone of the sonnd is more acnte, in the latter graver. This ia 
strikingly illnstrated when a swift train rushes past a station, the whistle blowing. 
While the cars are approaching, a person hears a note somewhat sharper; after it 
has passed, one somewhat flatter than the tme note. StUl more obvious is the 
change when two trains pass each other. A person unfluniliar with the arrangement 
would suppose a different bell was rung. In one case more and in the other fewer 
waves reach the ears In a second. Just so a ship moving against the sea meets more 
waves than one moving with it. 

t In order to determine the number and length of tiie sound-waves produced by a 
Bonorous body, we have only to bring its sound and that of the siren in unison. 
" The wings of a gnat flap, in flying, at the rate of 15,000 times per second. A tired 
bee hums on E, while in pursuit of honey it hums contentedly on A. The common 
horse-fly moves its wings 886 times a second ; b hon^»bee, 190 times.** 
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of the other^ one waye-motion will be strivixig to jnifih the 
air molecnles forward, and the other to nrge them back- 
ward* So that, if they meet in exactly opposite phases and 
the two forces are equal, they will balance each other and 
silence will ensue.* 
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Suppose we have two tuning-forks, A and B, a wave- 
length apart, and vibrating in unison. The waves will 
coincide, as represented by the light and dark shades in 
Fig. 123. The same result would occur if they were any 
number of wave-lengths apart. If they are a half wave- 
length apart, the condensation of A will coincide with the 
rarefaction of B, and vice versa. The effect is represented 

Fig, 191 




by the uniformity of the shading in "Fig. 124. This is 
termed interference of sound-waves.^ 

7. Vibrations of Cords. — ^Let oj be a stretched cord 
made to vibrate. The motion from e to d and back again 
is termed a viiration; that from to (?, a half-vibration. 

* Thns a sound added to a Bound may produce eilenoe. In the same way, two 
motions may produce rest ; two lights may cause darkness ; and two heats may 
produce cold. 

t If we strike a tuning-fork and turn it slowly around before the ear, we shall And 
four points where the interference of the sound-waves neutraliaes the ribrations and 
causes silence.— Two forks or organ-pipes nearly in unison, produce the well-known 
** beats," a characteristic phenomenon of interference. 
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The intensity of the sound depends on the vidth of ed, i. e., 
the amplitude of the Tibration. 

(1.) The Sonombteb is an inEtniment used to inTestigate 
the laws which govern the Tibrations, It coDBistB of two 
cords stretched by weights, P, acrosa fixed bridgesj AB. 



The movable bridge, D, serrea to lengthen or shorten the 
GordB. Beneath is a wooden box which communicates the 
Tibrations of the cords to the air within. This is the real 
Bonnding body. 

(3.) Thebb Laws. — L The number of vibrations per sec- 
ond increases as the length of the cord decreases. With the 
bow make the cord vibrate, giving the note of the entire 
string. Place the bridge D at the centre of the cord, and 
the sound will be the octave above the former. Thus by 
taking one-half the length of the cord we double the num- 
ber of Yibrations. Ex.: If an entire cord make 20 vibrations 
per second, one-half will make 40, and one-third, 60. — The 
violin or guitar player elevates the pitch of a string by mov- 
ing his finger, thua shorteniug the vibrating portion, — In 
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the piano, liarp, etc., the long and the short strings produce 
the low and the high notes respectiyely. 

n. Hie number of vibrations per second increases as the 
square root of the tension. The cord when stretched by 
1 lb. gives a certain tone. To double the number of yibra- 
tions and obtain the octaye requires 4 lbs. Stringed instra- 
ments are provided with keys^ by which the tension of the 
cord and the corresponding pitch may be increased or 
diminished. 

IIL The number of vibrations per second decreases as the 
square root of the weight of the cord increases. 11 two strings 
of the same material be equally stretched^ and one have four 
times the weight of the other, it wiU vibrate only half as 
often. In the violin the bass notes are produced by the 
thick strings. In the piano fine wire is coiled around the 
heavy strings. 

(3.) Nodes. — ^In these experiments, the cord is shortened 
by a movable bridge which holds it firmly. If, instead, we 

Fio. m. 



rest a feather lightly on the string, and draw the bow over 
one-half, the cord will vibrate in two portions and give the 
octave as before. Bemove the feather, and it will continue 
to vibrate in two parts and to yield the same tone. We can 
show that the second half vibrates by placing across that 
portion a little paper rider. On drawing the bow it wiU be 
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thrown off. Hold the feather so as to separate one-third of 
the string and cause it to vibrate ; the remainder of the cord 
will vibrate in two segments. When the feather is removed. 



Fig. laa 




the entire cord will vibrate in three different parts of equal 
length, separated by stationary points called nodes. This 
may be shown by the riders ; the one at the node remains, 
while the others are thrown off. 

(4.) Acoustic Figu?ibs. — Sprinkle fine sand on a metal 
plate. Place the 

finger-nail on one ^®* ^®* 

edge to stop the 
vibration at that 
point, as the 
feather did in the 
last experiment^ 
and draw the bow 
lightly across the 
opposite edge. 
The sand will be 
tossed away from 

the vibrating parts of the plate and will 
collect along the nodal lines, which divide 
the large square. It is wonderful to see how the sand will 
seemingly start into life and dance into line at the touch of 
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the bow. Rg. 130 
shows some of the 
beantifal patterns ob- 
tained by CbladnL 

(5.) Habhonicb.* 
— Whenever a cord 
Tibrates, it separates 
into B^^neDte at the 
same time. Thos we 
have the fall or /m»- 
damentt^ note of the 
entire string, and sd- 
perposed upon it the 
higher noteB produced 
by the vibrating parts. 
These are called overtones or harmonics. The mingliag of 
the two clasBea of vibrations determines the quality of the 
eoncd, and enables ns to distingmsh the mnsic of different 
instnunents. 

(6.) Nodes of a Bell. — Let fw-im. 

the heavy circle in Fig. 131 repre- 
sent the circomference of a bell 
when at rest Let the hammer 
strike at a, b, e, or d. At one 
moment, as the bell ribiates, it 
forms an oval with od, at the 
next with cd, for its longest diam- 
eter. When it strikes its deepest 
note, the bell vibrates in fonr 
segments, with n, n, n, n, as the 

• Preu gcallT bat Omtjt down the notea C, O, ind C, In the octave ahem mlddh 
C, on the plino-forte. WltboDt relesBlag tbaee \bjb, glrs to C beloK middle C i 
qnick, hud blow. Ths dsmpei will tUl, imd the sonud will utop abruptly. At the 
■use Iiiituil ■ low, iioft chord will be heard. This come* ftoin the three etilDga 
whoH dimpere are ndaed, leaiinK tbem free to Boand in vrmpaih j with the orer- 
toneiar the lower C, which K)and» are Ideatical with their own.— When a goblet or 
wlD»«Uae !■ iBpiMtd with a knlle-blade, m can d' ■ -■ • 
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nodal points^ whence nodal lines ran up from the edge to 
the crown of the bell. It tends, however, to divide into a 
greater number of segments, especially if it is very thin, 
and to produce harmonics. The overtones which follow 
the deep tones of the bell are frequently very striking, even 
in a common call-bell. 

(7.) Nodes of a Sounding-boabd. — The case of a violin 
or guitar is composed of thin wooden plates which divide 
into vibrating segments, separated by nodal lines according 
to the pitch of the note played. The enclosed air vibrating 
in unison with these, reinforces the sound and gives it 
fullness and richness. 

(8.) Musical Scale. — ^The tone produced by an entire 
string is called its fundamental sound. The notes of the 
scale above this are given by the parts of the string indi* 
cated by the following fractions : 

C, D, E, F, G, A, B, C. 

1 5 t f f » A * 

As the number of vibrations varies inversely as the 
length of the cord, we need only to invert these fractions 
to obtain the relative number of vibrations per second; 
thus, I, J, ^, I, \, ^, 2. Eeduced to a common denom- 
inator, their numerators are proportional, and we have the 
whole numbers which represent the relative rates of vibra- 
tion of the notes of the scale, viz. : 

24, 27, 30, 32, 36, 40, 45, 48. 

The number of vibrations corresponding to the different 
letters is,* 

C, D, E, P, G, A, B, C. 

128, 144, leO, 170, 192, 214, 240, 266. 

* In this table, ** C = 256 Tibrations " repreeents the middle of a piano-forte. 
This number is purely arbitrary. The so-called " concert-pitch " varies in different 
coontries. The Stnttgart Congress of 1884 fixed the standard tnning-fork— middle 
A— at 440 vibrations per second, which would make middle C = 264 ; while the Paris 
Conservatory (1859) gave to middle A 437.5, and to middle C 261. The English 
timing-fork represents C in the treble staff, and makes 528 vibrations, the pitch being 
the same as the Stuttgart. The ratio of the different letters is identical, whatever 
(he pitch. 
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8. Wind Instmmenta produce mnsica] sonndB ty 
enclosed columns of air. SouBd-waves run backward and 
forward through the tube and act on the Burroimding mr 
like the Tibratiooa of a cord. The sound-wsveg in organ- 
pipes are set in motion by either fixed month- 
*"■ ** pieces or vibrating reeds. The air is forced 
from the bellows into the tube P, throngh 
the Tent i, and^striking against the thin edge 
flj.produoes a flutter. The colnmn of air 
above, thrown into vibration, reinforces the 
sound and givea a full musical tone. The 
length of the pipe determines the pitch. The 
variation in the quality of different wind in- 
Btmments is caused by the mingling of the 
harmonica with the fundamental tone. In 
the flute, for example, the vibrating colunm 
of air may be broken up into segments by 
varying the force of the breath. 

9. Sympathetic Vibrations, or Res- 
onance. — Produce a musical tone with the 
voice near a piano, and a certain wire will 
select that sound and respond to it. Change 
the pitch, and the first string will cease, 
while another replies. If a hundred tuning- 
forks of different tones are sounding at the 
foot of an organ-pipe, it will choose the one 
to which it can reply, and answer that 
alone.* Helmholtz has applied this principle to the eon- 
stmction of the resonance globe, an instrument which will 
respond to a particular harmonic in a compound tone, and 
strengthen it so as to make it audible. 

(1.) gENsrrrvB Flames. — Flames are sensitive to sound. 
At an instrumental concert the gas-lights vibrate with ca- 
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tain pulsations of the music This is noticeable when the 
pressure of gas is so great that the flame is just on the 
yerge of flaring, and the vibration of the sound-waye is 
sufficient to "push it oyer the 
precipice.** • ^«- ^ss. 

(2.) SiKorsTG Flames. — If 
we lower a glass tube over a 
BQiall gas-jet, we soon reach a 
point where the flame leaps 
spontaneously into song. At 
first the sound seems far re- 
mote, but gradually approaches 
until it bursts into an almost 
intolerable scream. The length 
of the tube and the size of the 
jet determine the pitch of the 
note, f The flame, owing to the 
friction at the mouth of the 
pipe, is thrown into vibration. 
The air in the tube, being 
heated, rises, and not only vi- 
brates in unison with the jet, 
but, like the organ-pipe, selects 
the tone corresponding to its 
length. 

10. The Phonograph is 
an instrument for recording 

the sound vibrations. It consists of (1) an outer tube (or 
ear) for receiving the voice vibrations ; (2) at the bottom 
of this a thin plate (or membrane) which vibrates in uni- 
son with the voice ; (3) at the back of the membrane a 

* Prof. Barrett, of Dublin, describes a peculiar Jet which is so seDsitiye that it 
trembles and cowers at a hiss, like a human being, beats time to the ticking of a 
watch, and is Tiolently agitated by the nimpling of a silk dress. 

t See Chemistry , p. 66. The jets are easily made by drawing ont glass tnbing to a 
line point over a spirit-lamp. The length of the tube may be Yaried, as in the figure, 
byapap«rtilbe,*«. 
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lerer which ia mored hj these Tibrations; (4) at the end 
of the lever a sharp ptnut, which traces on a sheet of tin- 
foil marks corresponding to these vibrations ; (5) a cylinder 
wound with a ^eet of the foil, and made, by clockwork, 
to revoWe slowly under the pen-point. 

After the voice has thus engraved on the foil its vibra- 
tions, the cylinder can be reset and the point foUoving 
the indentations on the foil will move the lever, strike 
the membrane, and reproduce throngh an onter tabe (or 
tmmpet) the original eonnd. The sheets of foil may be 
taken from the cylinder and kept for any length of time, 
to be used when wanted. 

11. The Ear.— In Fig. 134, the ear is represented {Hy- 
gienic Physiology, p. 316). The soand-wave passes into the 
auditory canal, B, 

(which is about an inch 
in length, and strik- 
ing against the mem- 
brane of the tympa- 
num or dram, which 
i closes the orifice of the 
external ear, throws it 
into vibration. Keit, 
the series of small 
bones, 0, called re- 
spectively, from their 
peculiar form, the 
hammer, anvil, and 
stirrup, conduct the 
motion to the inner ear, which is termed, from its 
complicated structure, the labyrinth. This ia filled with 
liquid, and contains the semi-circular canals, D, and the 
cochlea {snail-shell), E, which receive the vibrations and 
transmit tbem to the auditory nerve, the fine filaments of 
which are spread out to catch every pulsation of the soond- 
wave. The middle ear, which contains the chain of small 
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bones, is a cayitj abont half an inch in diameter, filled 
with air, commnnicating with the month by the Eustachian 
tube, Qt.* Within the labyrinth are fine, elastic hair-bristles 
and crystalline particles among the nenre-fibres, wonderfully 
fitted, the one to receiye and the other to prolong the vibra- 
tions; and lastly, a lute of 3,000 microscopic strings, so 
stretched as to yibrate in unison with any sound. 

(1.) RoTGE OF THE Eab. — ^Hclmholtz fixes the highest 
limit of musical sounds at 38,000 yibrations per second, and 
the lowest at 16. f Below this number the pulses cease 
to link themselves, and become distinct sounds. | The 
range of the ear is thus about eleven octaves. The capacity 
to hear the higher tones varies in different persons. A 
sound audible to one may bo silence to another. Some 
ears cannot distinguish the squeak of a bat or the chirp 
of a cricket, while others are acutely sensitive to these shrill 
sounds. Indeed, the auditory nerve seems generally more 
alive to the short, quick vibrations than to the long, slow 
ones. The whirr of a locust is much more noticeable than 
the sighing of the wind through the trees. § 



* The Eostachlan tnbe eerres to connect the limer csvf ty with the externa] atmoe- 
pherOL If at any time the pressnre of the air without becomes greater or less than 
that within, the membrane of the tympanom feels the strain, pain is experienced, 
and partial deafhees ens&es. A foicibie concussion Ihiqnently produces this rpsolt. 
In the act of swallowing, the tnbe is opened and the eqnilibriom restored. We may 
force air into the cavity of the ear hj closing the month and nose, and forcibly 
expiring the air from the hrngs. This win render ns insensible to low sounds, as the 
nunble of a railway-traiu, while we can hear the higher ones as nsnaL 

t A tone produced by about 16 Tibrations per second may be made by inserting 
the linger lightly in the ear, brin^iing at the same time the muscles of the hand into 
Btrong contractioiL. A sound will be heard which is as deep as the toU of a cathedral 
beH 

X Our unconsciousness is no proof of the absence of sound. There are, doubt- 
less, sounds in Nature of which we have no conception. Could our sense be quick- 
ened, what celestial harmony might thriD us t I^fl Cooke beautifully says : "• The 
▼eryair around ua maybe resounding with the hallelajahs of the hearenty host; 
whOe our dull ears hear nothing but the feeble accents of our broken prayera." 

S To this, howerer, there are remarkable exceptions. The author knows a lady 
who is insemdble to the higher tones of the voice, but acutely sensitive to the lower 
ones. Tfaue, on one occasion, being in a distant room, she did not notice the ringiiq^ 
of the bell announcing dinner, bat heard the noise the bell made xthen. returned to 
its place on thesbelL 
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(2.) Thb abujtt of the eab to dstbct Ain) ajtaltzx 
80T7VD is wonderful beyond comprehension. Sound-wayes 
chase one another np and down through the air, super* 
posed in entangled pulsations, yet a cylinder not larger 
than a quill conveys them to the ear, and each string of 
that wonderful harp selects its appropriate sound, and re- 
peats the music to the soul within. Though a thousaiid 
instruments be played at once, there is no confusion, but 
each is heard, and all blend in harmony.* 

PRACTICAL QUESTIONS.— L Wlij cannot the rear of a Vmg oofamm of soldlen 
keep time to the miuic in front f S. Tliree minntew elapse between the flash and the 
report of a thunderbolt ; how tar distant is it f 8. Five seconds expire between the 
flash and the report of a ^on ; what is its distance t 4. Suppose a speaking-tube 
should connect two Tillages ten miles apart ; how kmg would it take the somid to 
trayeir ft. The report of a pistol-shot was retained to the ear from the Ihce of a 
cliff in fonr seconds; wliat was the distance? ft. What is the cause of the diflbrence 
between the Toice of man and woman f Abase and a tenor voioef 7. What is the 
number of Tibrations per second necessarf to produce the filth tone of the scale oi 
C r 8. What is the length of each sound-wave In that tone when the temperatare is 
at zer9 Y 9, What is the number of yibrstions In the fourth tone aboTe middle C 1 
10. A meteor of Not. 18, 1S68, exploded at a height of 00 mflcs ; what time was needed 
for its sound to reach the earth ? 11. A stone Is let fidl into a well, and ia four 
seconds is heard to strike the bottom; how deep Is the well Y IS. What time would 
be required for a sound to travel five miles in the still water of a lake f 18. How 
much louder will be the report of a gun to an obsenrer at a distance of 90 rods than 
to one at half a mile f 14. Does sound traTel Ihster at the foot than at the top of a 
mountain Y 15. Why is an echo weaker than the original sound Y 16. Why is it bo 
Iktiguhsg to talk through a speaking-trumpet Y 17. Why will the report of a camion 
fired in a Talley be heard on the top of a neighboring mountain, better than one fired 
on the top of a mountain will be heard in the Talley Y 18. Why do our footsteps in 
unfhmished dwellings sound so startlingly distinct Y 19l Why do the echoes of an 
empty church disappear when the audience assemble Y SO. What is the object of the 
sounding-board of a piano Y SI. During some experiments, Tyndall found that a 
certain sound would pass through twelre folds of a dry silk handkerchief, but would 
be stopped by a single fold of a wet one. Explain. 83. What is the cause of the 
musical murmur often heard near telegraph Unes Y S8. Why win a Tariation in the 
quantity of water in the goblet, when made to sound, in the experiment described 
on p. 1S8, cause a difference in the tone Y 84. At wliat rate (in metres) will sound 
moTe through air, the temperature being SO** C. Y 

• M Is not the ear the most perfect sense Y A needlewoman win distinguish by the 
■onnd whether it is silk or cotton that is torn. Blind people recognize the age 
of persons by their Toices. An architect, comparing the length of two lines sepa- 
rated from each other, if he estimate within ^, we deem very accurate; bat a 
musician would not be considered Tory precise who estimated within a quarter of a 
note (188 -f- 80 = 4 nearly). In a large orchestra, the leader will distinguish each note 
of each instrument. We recognize an old-time friend by the sound of his Toice, when 
the other senses utterly fiiil to recall him. The musician carries in his ear the idea 
of the musical key and OTory tone in the scale, though he is constantly hearing a 
multitude of sounds. A tune once learned will be remembered when the words of 
the song are forssotten.** 
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SUMMARY. 

Sonnd is produced bj vibrations. These are transmitted in waves 
through the air (60"* F.) at the rate of 1120 feet per second ; through 
water four times, and through iron fifteen times as fast. In gen- 
eral, the velocity depends on the relation between the density and the 
elaetidty of the medium; and the intensity is proportional to the 
square of the amplitude of the molecular vibrations. Sound, like 
light, may be reflected and refracted to a focua Echoes * are produced 
by the reflection of sound from smooth surfaces, not less than 112 feet 
(about 33 metres) distant. Rapidly-repeated vibrations make a contin- 
uous sound ; regular and rapid vibrations produce music ; irregular 
ones cause a noise. 

The pitch of a sound depends on the rapidity of the vibration& 
The number of waves, and their consequent length in a given 
sound, is found by means of the siren. Unison is produced by 
identical wave-motions. Any number of sound-waves may traverse the 
air, as any number of water-waves may the surface of the sea, without 
losing their individuality. The motion of each molecule of air is the 
algebraic sum of the several motions it receives. Two systems of 
waves may therefore destroy or strengthen each other, according as 
their several condensations or rarefactions coalesce. Interference is 
the mutual destruction of two systems of waves. " Beats " is the effect 
produced by two musical sounds of nearly the same pitch, which 
alternately interfere and coincide. The vibrations of a cord produce 
a musical sound, which is reinforced by a sounding-board. The rate 
of vibration and consequent pitch depends on the length, the tension, 
and the weight of the cord. Sounding bodies tend to vibrate in seg- 
ments. The harmonics thus produced give the quality (timbre) of 
different sounds. The various notes in the musical scale are deter- 

* Several aconstic phenomena have become of historical interest. (!•) Near 
Syracuse, Sicily, is a cave known as the Bar of Dionysins. A whisper at the farther 
end of the cayem is easily heard by a person at the entrance, though the distance is 
SOO feet Tradition says that the Tyrant of Syracuse nsed this as a dangeon, and 
was thns enabled to listen to the conversation of his unfortunate prisoners. (S.) 
On the banks of the Nile, near Thebes, is a statue 47 feet high, and extending 7 feet 
below the ground. It is called the Vocal Memnon. Ancient writere ten us that 
about sunrise each morning, there issued fh>m this gigantic monolith a musical 
sound repemblins the breaking of a harp-string. It is now believed that this was 
produced by strong currents of air (due to the change of temperature in the early 
moroing) passing through crevices in the stone. (3.) Near Mount Sinai, in Arabia, 
remarkable sounds are produced by the sand foiling down a declivity. The sand, 
which ]b very white, fine and dry, lies at such an angle as to be easily set in motion 
by any cause, such as scraping away a little at the foot of the slope. The sand then 
toUb down with a sluggish motion, causing at first a low moan, that gradually sweUa 
to a roar like thunder, and finally dies away as the motion ceases. 
7 
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mined bj fixed portions of the length of the cord. The music of a 
wind-inslnunent te produced by Yibrating colonms of air. Resonance 
ifl a sjmpetheCic Yibimticm canaed by one sonorous body in another, as 
seen in sensitiTe flames, the resonance globe, etc The voice is a reed 
instroment, with its vibrating cords and resonant cavity. The ear 
collects the soond-waves and transmits the motion to the brain. It 
oonsists of the outer ear, the dram and the labyrinth. 



HISTORICAL SKETCH. 

The indents knew that withont air we should be plunged in eternal 
silence. "What is the sound of the voice," cried Seneca, "but the 
concussion of the air by the shock of the tongue 7 What sound could 
be heard except by the elasticity of the aerial fluid ? The noise of 
horns, trumpets, hydraulic organs, is not that explained by the elastic 
force of the air 7 ** Pythagoras, who lived in the 6th century before 
Christ, conceived that the celestial spheres are separated from each 
other by intervals corresponding with the relative lengths of strings 
arranged to produce harmonious tones. In his musical investigations 
he used a monochord, the original of the sonometer now employed by 
physicists, and wished that instrument to be engraved on his tomb. 
Pythagoras held that the musical intervals depend on mathematics ; 
while his great rival, Aristoxenes, claimed that they should be tested 
by the ear alone. The theories of these two philosophers long divided 
the attention of the scientific world. 

Many centuries elapsed before any marked advance was made. 
Galileo called attention to the sonorous waves traversing the surface 
of a glass of water, when the glass is made to vibrate. Newton 
believed sound, to be transmitted by aerial waves, and estimated the rate. 

The present century has witnessed a more complete demonstration 
of the laws of the vibrations of cords and the general principles of 
sound. In 1822, Arago, Gay Lussac and others 'decided the velocity 
of sound to be 337 metrts at 10' C. Savart invented a toothed wheel 
by which he determined the number of vibrations in a given sound ; 
Latour discovered the siren, which gave still more accurate results; 
Colladon and Sturm, by a series of experiments at Lake Geneva, found 
the velocity of sound in water ; Helmholtz made known the laws of 
harmonics ; Lissajous, by means of a mirror attached to the vibrating 
hody, threw the vibrations on a screen in a series of curves, and so 
^ndered them visible ; while Tyndall has investigated the causes 
modifying the propagation of sound, as acoustic clouds, fogs, etc.< 
&Qd popularized the whole subject of acoustics. (References, p. 120.) 
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O j<r L I G b: T. 



The sunbeam comes to the earth as simply motion of ether-waves ^ yet it is 
the grand source of beauty and powjr. Its heat, lights and chemical force 
work everywhere the mirctcle of life and motion. In the growing plant, 
the burning coal, the flying bird^ the glaring lightning, the blooming flower, 
the rushing engine, the roaring cataract, the pattering rain — we see only 
varied manifestcUians of this one alUencrgiting forc€. 
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OPTICS, OR THE SCIENCE 
OF LIGHT. 

L PRODUCTION AND TBANSiaSSIOII 07 LIOHT. 

1, Definitions. — A luminous body is one that emits 
light. A medium is any substance tbroagh vhich light 
passes. A transparent * body is one that obBtructe light bo 
little that we can see objects through it. A translucent body 
ie one that lets some light pass, but not enough to render 
objects visible through it. An opaque body is one that does 
not transmit light. A ray of light is a single line of light ; 
it may be traced in a dark room into which a sunbeam is 
admitted by the floating particles of dust which reflect the 
light to the eye. A pencil or beam of light is a collection of 
rays, which may be parallel, diverging or converging. 

3. The Visoal Angle is the angle formed at the eye 
by rays coming from the extremities of an object. The 
angle AOB is the angle of vision subtended by the object 



AB. The size of this angle varies with the distance of the 
body. AB and A' B' are of the same length, and yet the 
angle A'OB' is smaller than AOB, and hence A'B' will seem 

* The tenni traOBpireDl and opagne ars relitl*e. No BDbettDce 1* perfectly 
teuwparent, or eDtlrel; opaqne. diaM obstmcte tome light. According lo MlHer 
1 ftet of the ckaraat water will arreat ODO-hilf tlie light vblch 1U1> upon It. While 
Toug aaHTta Uut the beam of tha KtUtig eun, paeelng throngb no miWnf air. 10B«B 
m of ita forte. Od the otbar hatkd, gold, beaten Into leaf, hecomes tnuulaMiit, aod 
BfilUnt green Golcr; and aciaped bom is aend-tauupaieat. 
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shorter tbim AB. The distance and the size of objects ue 
intimatelj connected, since by experience we hare learned 
to associate them. Knowing the distance of an object, ve 
immediately determine its size from the visnal angle.* 

3. Laws of Light. — L Ught passes off from a lumi- 
nona body equally in every direction. IL Light travela 
throngh a uniform medium in straight lines. IIL The 
intensity of light decreases as the square of the distance 



4. The Telocity of Light has been determined in 
Tarions ways. The following was the first method: The 
planet Jupiter has four moons. As these reTolve around 
the planet, they are eclipsed at regular interrals. In the 
cat, let J represent Japiter, e one of the moons, S the snn, 



and T and t different jKisitions of the earth in its orbit 
around the sun. When the earth is at T, the eclipse occurs 
16 min. and 36 sec earlier than at t. That interval of time 
is required for the light to travel across the earth's orbit, 
giving a velocity of about 186,000 miles per Becond.f 

6. Uudulatory Theory of Light. — There is supposed 
to be a fluid, termed ether, constituting a kind of universal 
atmosphere, diffused through space. It is so subtle that it 

tVleixiitiarstAsapparMtiittifanvliodyatulltehvitanleiMna^inertailiig 
or dimtnUUnir OAi aagU—^ pHociple that wiU b« foDDd of great importance In the 
lormatton ol inums I>t mlrron and leoMB. 

t TUs nte ii to great that far all dlslancee on Vat eartli It ia In 
BUDbeam Toald gin tlie globe quicker than we can wink. 
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glides among the molecules of bodies as the air does among 
the branches and the foliage of trees. It fills the pores of all 
substances^ eludes all chemical tests^ passes in through the 
receiver, and remains even in the vacuum of an air-pump, 
A luminous body sets in motion waves of ether, which go 
off in every direction. They move at the rate of 186,000 
miles per second, and breaking upon the eye, give the im- 
pression of sight. The wave-motion is like that of sound, 
except that the vibrations are transverse (crosswise).* 

9. BEFLBCfnON OF LIGHT. 

I, Definition. — Light falling on a surface is divided 
into two portions. One enters the body ; the other is re- 
flected f according to the familiar law of Motion and of 
Soimd : The angle of incidence = that of reflection. 

3. Action of Rough and Polished Surfaces.— When 
the surface is rough, the numerous little elevations scat- 
ter the reflected rays in every direction, forming diffused 
hght. Such a body can be seen from any point. When the 
surface is polished, the rays are uniformly reflected in 
particular directions, and bring to us the images of other 
objects. We thus see non-luminous objects by irregularly- 
reflected (diffused) light, and images of objects by regularly- 
reflected light. { 

3. Mirrors. — All highly-reflecting surfaces are mirrors. 
These are of three kinds — -plane, concave and convex. The 

• ThnB, if we suppose a star directly overhead and a ray of light coming down to 
ns, we should conceive that the particles which compose the waves are vibrating 
N. S. E. W., and toward every other point of the compass all at once. 

t The amount of light reflected varies with the angle at which light fiills. Thas, 
If we look at the images of objects in still water, we notice that those near ns are not 
as distinct as those on the opposite bank. The rays from the latter striking the 
water more obliquely are more perfectly reflected to the eye.— Fill a sheet-iron or any 
dark-colored pail with water tinted with blaing or red ink. The color will be quite 
invisible to a spectator at a little distance. Now insert in the water a plate. This 
will reflect the transmitted light and reveal the hue of the water. 

t The most perfectly polished substance, however, difiUses some light— enough to 
enable us to trace its surfiice ; were it not so, we should not be aware of its exist, 
enoe. The deception of a large plate-glass mirror is often nearly complete ; but doBt 
or vapor, increasing the irregular reflection, will bring its surfoce to view* 
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fint has a flat etatacB ; the second, one like the inside, and 
the third, one like the outside of a vatcfa-cr^taL The 
general principle of mirrorB is that iTie image is seen in the 
direction of the reflected ray as it enters the eye. 

(1.) Fla2Tb Mibbob3.— Baya of light retain their relative 
direction after refiection from a plane surface.* An image 
seen in a plane mirror ia therefore erect and of the same size 
as the object. It is, however, reversed right and left. 

Why the image ia as far behind the mirror as the object is 
tn front. Let AB be an arrov held in front of the mirror 
MN. Bays of light from 
*"• "^ the point A striking upon 

the mirror at 0, are reflect- 
ed, and enter the eye as if 
they came from a. Bays 
from B seem to come from 
i. Since the image is seen 
in the direction of the re- 
flected rays, it appears at 
al, a point which can easily 
be proved to be as far be- 
hind MN as the arrow is in front of it. Such an image 
is called a virtual one, aa it has no real existence. 

Why we can see several images of an 
o^'ect in a mirror. Metallic mirrors '^ ** 

form only a single image. If, however, 
we look obliquely at the image of a 
candle in a looking-glass, we shall see 
several images, the first feeble, the next 
hright, and the others diminishing in 
intensity. The ray from A ia in part 
reflected to the eye from the glass at b, 
and gives rise to the image a ; the re- 
mainder passes on and is reflected from the metallic surface 

• The perpmdlcnla™ are not glTBD In the flgnree ol ttitiiodk.naup^UatrtA- 
tatiim iHouid dmw aH Vu cult on Ou lilaciboard, end tht perpttiiacvlart and dawn- 
«(n>M'A«ft'MM»^IA«r(II«teiJnir. Itwillaid In dmrtus Uu perpeniUcalM'to* 
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at e, and coming to the eye forms a secoad image a'. The 
ray cd, vhea learing the glass at d, loses a part, wbich is 
reflected back to form a third image. This ray in ttirn is 
dirided to form a fourth, and so on.* 

Images seen in water are symmetrical, but inverted. The 
reason of this can be nnderstood by holding an object in 
front of a horizontal lookiog-glaes and noticing the angle at 
vbich the rays mnst strike the surface in order to be re- 
flected to the eye. When the moon is high in the heavens, 
-we see the image in the water at only one spot, while the 
rest of the sorface appears dark. The light falls npon all 
parts, bat the rays are reflected from only one point at the 

convex or aakove Miifiue, to remember UiM It li ■ ndlni of the sphere of nhlcli Uia 
mirror fornu a parL A book held tn rvtoiu poelttoiu before ft lookin^-jEluB illnfr 
tiate* the Ktloii of plane miirore. A beam of light admlued into * dark room and 
reflected from a mirror will >bov that tlie anglea of IndileDM and reflecHoD are In 
llie aame plane. Manr of ths groteeqite etfecla of concave and cooiei mirrora may 
tie Been on the inner and onler BDiOcea of a bti^t epoon, call-bell, or metal eiq> (lea 
Jfayer it BamarxTt UglU lor IneipenrlTe eiperimenls). 

• To moBtfata (he formation of moldple Imaeo. place two amall mirrora aa In 
~~ ' imagea aro prodoced br second partial reBecthma. To 



liold tbe mirnin to- 
gether like the coven 
of a book placed on 
end, and [at the can- 
dle between them on 
the table.openlng and 
ahoUliiK the mimr- 

an^B ; or bold the 
mlmm parallel to 
eKh other with tbe 
ll^t between them. 
When the mirrora are 
inclined at 90°, three 

at 00°, flre Imagea ; 
and at 45°, sewn Im- 
Bgea. Ab the an^e 



m theclr- 



vhMe eenlre la on a Koe In ohlch the reflectine enrbces woaldlDtersectltpTodBcvd. 
Where the mlrrorB are parallel the ImaKeB are tn a straight line. Ther becoms dhn- 
mer aa thej recede, llKbt belDg lost at eai;b reflection.— The KOMdoteope coDtalna 
(hree mltmn aet at an angle of W. Small bits of colored glaas at one end rellect to 
the eye at the other multipls '""c^i which change tn Tarjlng pattema aa the tnbe la 



rigbt angle to reach the eye. Each obBerrer sees the inuge 
at a different place. When the etirface of the water is raf- 



fled, a tremnloue line of light is reflected from the side of 
each tiny wave that is tamed towards us. As every little 
billow rises, it flashes a gleam of light to onr eyes, and then 
sinking, conies np beyond, to reflect another ray. 

Bto>*i- (3.) A Con- 

cave MiREOB 
tends to colled the 
rays of light.* 
Thus in Kg. Ul, 
parallel rays fall- 
ingnponthemir^ 

* This 8ti(ement la cnnvpnlent bb II l« trne tn the practical n°e of ibe rnlmr, but 
does Dot obUin In every possible posltlOD. Ttins, irallghl be placed between A and 
9 tbe rays would be ccatlered, a< can siBfly be abown b; a diai^iam. Again, In 
elementary optics It la anppoaed that HCN, knom aa the angtdar egtartart of Uie 
mirror, doea not exceed 8° or 10°. When sreater, the rays reflected nearthe edge of 
the mirror meet the pHnHvai axis AL, nearer the mirror than P. Thla Is called the 
aberraOmi of the mirror (p. 161). The reflected raya wU then crosa at point* In a 
cnrved enHkce called s ataiOe. A section of anch a carve can be aeen when tbe li^t 
gf a candle la resected bom the lualde ol a cop partly mil nf m:ih 
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ror MN are reflected to the point F, the priacipal focus 
(focus, a hearth). This is half way between the mirror and 
C, the centre of curvature, i. e. the centre of the hollow 
sphere of which the mirror is a part. AP is the focal dis- 
tance ; CB, CD, etc., are radii of the sphero (perpendiculars, 
to find the angle of incidence) ; and the angles HBC, GDC, 
etc., are eqnal respectively to FBC, FDC, etc A light held 
at C will have its rays brought to a focua at C, where a real 
im^B will be formed ; while one at P will be reflected in a 
beam of parallel rays. 

Images formed by concave mirrors. Hang a concave mir- 
ror against the wall, and stand closely to it between the 
mirror and the principal focus. The image is erect, virtuai. 



the mirror, is reflected and strikes the eye as 
if it came from A. In the same manner 5 is seen at R 
The visoal angle ia increased the nearer we approach the 
mirror, and hence the larger the image appears. We 
now walk back. When we reach the focus, the image dis- 
appears. We are in the position of the candle db (Fig, 143) 
and the real image is behind us at AB. A few of the parallel 
rays, however, enter the eye, and an indistinct image is 
formed. Betirli^ still further, we come to the centre of 
cmrvature. Efere we find no distinct image, although per- 



tjons of our figure, as we catch snatches of the rays forming 
the image AB, are seen grotesquely magnified. As we con- 
tinae to recede we reach a point beyond the centre of 



curroture. Here we occupy the position AB (Fig. 143), and 
see the image at ai inTerted, as the rays have crossed. 
The points occupied by the two candles, ab and AB, are 
termed conjugate foci, because a light at either one is brought 
tc a focus at the other. 

Fie. 14S. 



(3.) A Convex Mirrob tends to 
scalier Ihe rays of light. The par- 
allel rays AD and BK (Fig. 144), 
are reflected in the diverging lines 
DE and KH. An eye receiying 
these rays will perceive the image of 
AB at ab, virtual, erect, and smaller 
than life. Whatever may be the 
position of the object, the image 
being always between the object and 
the centre of curvatnre is smaller 
than the object. 

4. Total Reflection. — When we look obliqnely into a 
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poDd, ve cannot see the bottom, becanse the rays of light 
from below are reflected downward at the surface of the 
water. Hold a glass of water above the level of the eye, and 
the upper part will gleam like burnished silyer.* Thns the 
internal sni&ce of a transparent body becomes a mirror. 
This occurs when light would pass very obliquely &om a 
denser to a rarer medium. 

I^BEFRACnOK OP UQHT. 

1. Definition. — When a ray of light passes obUquely 
from one medium to another of difierent density, it is 
refraeted or bent out of its course. Ex. : A spoon in clear 
tea appears bent. — An oar dipping in still water seems to 
break at the point where it enters the water, f — Put a cent 
in a bowl. Standing where you cannot see the coin, let 
another person pour water into the vessel, when the coin 

• Flacs ■ bright epoou Id the gtasa and notice lu Image reflected from Ibe nirface 
of tlie water. The ippaiCTtl; Incmsed eize or the spoon, tlie broken handle, eic. 
wiD be imdentood after nadlog the next Bnhjecl. Tarn Ibe apaon abont IntbegbMa 
and, chaneing the angle of obMrvatlon. notice he effect. The teal handle mar ap- 
puentlj be atlscbed to tha image In Ihe water. The > poon will Kon be co rerBd 
with babbles of alt shining, like pearls, from total reaectiOD. Thla ataowe also tba 
preaence of air In water aod 

tbe Adhesion of gasea to aolida. Via. 14S. 

The goblet, U BDed with cold 
water, wlH "sweat," ae It Is 
called, from tha condensed 
molsbiTe of the atmoBphere. 

t Ksh seem nearer tha enr- 
bce than the; reallj are, and 
lDdianB,whD apeai them, try to 
strike perpendicnlarlj, or else 
aim lower than thej apparently 
lie.— In Fig. 1«>, tbe man OD the 

bridge sees the flsh In Its tree I 

pdBOe : but the boy on the bank I 

sees the flsh ato, wtiUe the Ssh 
seea the bo7 at c— Water Is 
deeper than It appears. Look 
oMbiadr lulu a pall of «sler. 
then i^ace tout flnger on the 
ontilde irtwn the Inttom eeems 
to be ; jon wfU be surprised to 

And tlie real bottom le sereial inches below.— Fill a ^laae diah with water, and, 
darkeolDg tha wlndown, let a snnlwun lail apon the surface. The laj will bend aa 
tt«Dteiv. Dust acattaredtliroDjb the ftlr will make the beam dutlnct 
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will be lifted into view. To understand the apparent 

change of position^ re- 
member that tlie object is 
seen in the direction of 
tJie refracted ray as it 
enters the eye. Let L, 
Fig. 148, be a body be- 
neath the water. A raj^ TiA^ coming 
to the surface, is bent 
downward toward 0, pm. 149^ 

and strikes the eye as 
if it came from L'. The object will there- 
fore apparently be elerated abore its true 
place. 

2. Laws of Ilefi»X3tion. — ^L In passing 
into a rarer medium, the ray is bent from 
the perpendicular. 11. In passing into a 
denser medium, the ray is bent toward the perpendicular.* 

Illustrations. — Path of rays through a witidotv^lass. — 

When a ray enters a window-glass, 
it is refracted toward the perpen- 
dicular (2d law), and on leaving, is 
refracted from the perpendicular 
(1st law). The general direction 
of objects is therefore unchanged. 
A poor quality of glass produces 
distortion by its unequal density 
and uneven surface. 

Path of rays throtyh a prism, 
A ray of light, on entering and on 
leaving a prism, is refracted as by 
a window-glass. The inclmation of the sides causes the ray 




Fio. 149. 




* Both the incident and the reftucted ray lie in the same plane aBthenonnal 
(perpendicular). The ratio between the ainea of the incident and refracted angles is 
termed the index of rtfraetion. It varies with the media. Bx. : From air to water it 
ia |andfromalrtoglasB|. 
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to be bent twice in 
(he same direction. 
Tlie candle L will 
therefore appear to 
be atr. 




3. Lenses.— 
lens is a transparent 
body, with at least 
one curved surface. 
There are two gen- 
eral classes of lenses, concave and convex.* 



(See Fig. 151.) 




(1.) The DOUBLE-coirvBX tBXS has two convex surfaces. 
Its action on light la like that of a concave mirror A ray 



X striking perpendicularly, is not refracted. The parallel 
rays M, L, etc., are refracted both on entering and on leav- 
ing the lens, and are converged at F, the focus, j If a light 
be placed at P, its rays will be made parallel. 



• Forms of lenBes: M, donhle-coDTei ; 
P, donble-cODctve ; Q. pUDo-coocBve ; I 
i^lad magnVlen, and the necond, dlminiiliav. 

t nia coDTSz IsDi ia BometimeB termed 



concavo-convex. Tbe flrit tliree are 



T!ie image formed hy a convex leru is like that of a con- 
care mirroT. If we hold a lens aboTO a printed page, when 
we obtain the focal distance correctly, we shall find the let- 



ters right-side np and highly magnified. In Fig. 153 we 
see how the coDverging power of the lens increases the 
Tisnal angle, and makes the object AB appear the size oi. 



Moving the lens back from the page, the letters entirely dis- 
appear ns we pass the principal focus. At length they 
reappear again, but smaller and inverted (Pig. 154). 

{3.) The double-concave lens has two concave anr- 
faces. Its action on light is like that of a convex mirror. 
Thus, diverging rays from L (Pig. 155) are rendered moie 
divei^ng, and, to an eye which receives the rays MN, the 
candle wonld seem to be at i, where the image is seen. 

coDCSTe mtmr, for collecting the eod's njt. 'LeaeBa bare been muiDtactnrad at 
■Dfflclent power to melt ■ Btone b; nmheaC. Brsn glus-elobee of mtn-, nehM 
va DKd tor gold flsheg or In lbs wlndowa of drag itotca, maj Dre lulJKant ob|aca. 
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J%e imaffe formed by a concave Una, like that of a convex 
miiTor, is virtiial, erect, and diminighed in size (Fig. 156). 



4. Aberration. — Rays which pass throngh a lens near 
the edge are brought to a focas sooner than those near the 
centra Therefore, when the border of an image is clear, 
the centre will be indistinct, and vice versa. This wander- 
ing of the rays from the focus is tfirmed spherical aberration. 
The different refrangibility of the colors which compose 
white light (p. 163) produces chromatic aberration. The 
violet, being bent most, comes to a focus sooner than the red, 
which is bent least. This causes the play of colors seen 
around the image produced by an ordinary lens. The defect 
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is remedied bj a second lens of different diapeTsive power, 
which Gonnteracts the effect of the first. Sach a compound 
lens ia said to be adiromaiie (colorless). 

5. Milage. — In the heated deserts of Africa, the trav- 
eller sometimes sees in the distance quiet lakes with the 
shadows of trees in their cool waters. Rushing forward to 
slake his eager thirst, he finds only the barren waste of sand. 
The mariner often recognizes in the sky the images of shipe, 
and the far-distant coast, with its familiar cliffs. The cause 
of these phenomena is the refraction and reflection of the 
rays of light traversing layers of air of unequal density. 



Sometimes a layer of air high up in the sky acts as a 
reflector, and sends down inverted images of ships which 
are beyond the horizon. In Fig. 157, rays of light from a 
clump of trees are refracted more and more until linallj they 
are reflected from a layer at a, and enter the eye of the Arab 
as if they came from the surface of a quiet lake. The 
deception is made complete by the fact that the sandy desert, 
shimmering in the hot sun, often has in the distance the 
aspect of tranquil water.* 

* HoldapaiieorgluBlKir)soiiU1]rKbOTSlliseT«e. nietDTsrted Imie<aofoI>]«li 
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1, Solar Spectrum. — When a sunbeam Bhines through 
a prism, the ray is not only bent from its coime, but is also 
spread oat, fan-like, into a band of rainbow-colors — the 
eolar spectrum. It contains the seven primary colors — 
violet, indigo, blue, green, yellow, orange, red.* If we receive 
the spectrum on a concave mirror, or pass it through a 
convex lens, it wiU form a white spot. We therefore con- 
clude that white light is composed of seven colors. They 
are separated because the prism bends them onequally. 
The violet is most refracted, and the red least. 



3. Three classes of rays e:nst in the solar ppectrnm ; 
viz.; the heat rays; luminous rays ; and frr^h'nir;, or chemical 
rays.! If we examine the prismatic spectrum with a very 
delicate thermometer, we find that the heat increases from 
the violet to the red end, and becomes the greatest in the 
dark space just beyond. If we test with a paper containing 

• Kottci lliat the iDltUI letters ppeB tha mnemonic word, Vtb-m-or. 

t The clasaUcstiou lata three kinds of raye ts it^mlneJ as it li elill common in 
icienttBc books. Draper bu ebown tliat Ibe effects described above are dne merely 
toannneqnal diPtflbntion ofUie etber-wavea by tbe prism. Eaya o! all colors have 
tbe tame light, heat, and chemical power, and the same canM— TiJiHoni enern- Wa 
can thla one Ihlog. light, beat, or actinism, according to the means naed to raveal Us 
pi«Mnce (pp. 188-*). Beealeop-il. Freeb Fscte, etc 




chloride of Bilver, it will blacken least m the red, most 
toward the violet, and Eome in the dark space beyond. Be- 
tween these two extremes lie the rays which strongly affect 
the eye. All are mingled in the normal spectrum. 

3. Three Kinds of Bpectra I. When the li^t ol a 

solid or liquid body, as iron white-faot, ia passed throngh a 
prism, the spectrum is continuous and consists of the fanulisr 
colors of the rainbow. IL TiVhen the light of a brnning 
gas is pa^ed through a prism, the spectrum is ttol con- 
tinuous, but consists of bright-colored lines — copper giring 
a set (xE green lines, and zinc one of bright blue and rei 
Each element produces a 
'"' '"■ aeries which can he recog- 

nized as its test. 10. 
When a light of the firet 
kind is passed through 
one of the second at a 
lower temperature, the 
spectrum is crossed iy 
dark lines. Thus, when 
the light of white hot 
lime shines through a flame of burning sodium, instead 
of the two -vivid yellow lines bo characteristic of that met4 
two black lines occupy their place. In general, a gaseons 
flame absorbs rays of the same color that it emits.* 
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4. The Spectroscope is an instrument for examining 
spectra. The rays of light (Fig. 161) enter through a nar- 
row slit in the tube at ji, and are rendered parallel by an 
object-glass. They then pass through the prisms at 0, are 



ite. m. 




separated into the different colors, and entering the tele- 
scope at D, fall upon the eye at B. Any substance may 
be placed in the flame in front of A and its spectrum 
examined.* 

6, The Rainbow is formed by the refraction and re- 
flection of the sunbeam in drops of falling water. The 
white light is thus decomposed into its simple colors. The 



son at the opposite end of the room would hear the tnne perfectly except when 
the particaUir note which belonged to the wires was struck, when that would be 
sifted out 

* On the nses of the spectroscope, examine Astronomy^ p. S86, and Chemigtry^ 
p. 145. The frontispiece of the latter gives a colored iUnstration of the spectra.— 
The solar spectrom is crossed by dark lines known as Fraunho/er^8 lines. The most 
prominent are marked for convenience of reference (A, B, C, etc., Fig. 160). The 
spectroscope affords an unrivalled mode of analysis. No chemical test is so delicate. 
Strike together two books near the light at the slit of the spectroscope, and the dust 
hlown into the flame will contain enough sodium (the basis of common salt) to cause 
the yellow D lines— its test— to flash out distinctly. (See note on spectroscope, 
p. 236.) A very effective spectroscope may be contrived thus : Cut a slit not over 
is inch wide and 2 inches long in a piece of tinfoil, and gum it on a pane of glaaa* 
^Id this before a flame and look at it through a piism^ 



inner arch is termed the primary bow ; the onter or fmnta 
arch, the Becondarj. 

Peihabt Bow. — A ray of light, S", entera, and ib 
bent downward at the top of a falling drop, passes to the 
opposite side, is there reflected, then passing out of the 
lower side, is bent upward. By the refraction the ray ol 
white light is decomposed, so that when it emerges it is 
spread ont fan>like, as in the solar spectrum. Suppose that 
tie eye of a spectator is in a proper position to receiTe the 
red ray, be cannot receive any other color from the same 
drop, because the red is bent upward the least, and all the 
others will pass directly over his head. He sees the Tiolet 
in a drop helow. Intermediate drops famish the other 
colore of the Epectrum. 



Secondary Bow, — A ray of light, S, strikes the bot- 
tom of a drop, V, is refracted upward, passes to the oppo- 
site side, where it is twice reflected, and thence passes out 
at the upper side of the drop. The yiolet ray being most 
refracted, is bent down to the eye of the spectator. Another 
drop, r, refracting another ray of light, is in the right poEu- 
tion to send the red ray to the eye. 
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Why the Bow is Circular. — ^When the red ray of 
the primary bow leaves the drop, it forms an angle with the 
sun's ray, S'V, of about 42°, and the violet 40°. These angles 
are constant. Let ad be a straight line drawn from the sun 
through the observer's eye. If produced, it would pass 
through the centre of the circle of which the rainbow is an 
arc. This line is termed the visual axis. It is parallel to 
the rays of the sun ; and when it is also parallel to the 
horizon, the rainbow is a semicircle.- Suppose the line Et; 
in the primary bow to be revolved around ES, keeping 
the angle HEto unchanged ; the point v would describe a 
circle on the sky, and every drop over which it passed would 
be at the proper angle to send a violet ray to the eye at E. 
Imagine the same with the drop r. We can thus see (a) the 
bow must be circular; {b) when the sun is high in the 
heavens, the whole bow sinks below the horizon ; (c) the 
lower the sun the larger is 
the visible circumference ; *^o- 1«8- 

and {d) on lofty mountains 
a perfect circle may some- 
times be seen.* 



GREEN 



GREEMSHBLUE 



□lOWISHCKEI 



YELLOW 




VIOLET 



ORANCC 



EDDISH ORAHCC 



6. Complementaxy 
Colors. — Two colors, 
which by their mixture 
produce white light, are 
termed complementary to 
each other. Thus, if we 
sift the red rays out of a 
beam of light and bring 
the remainder to a focus, 

a green image will be formed, f In Pig. 163 the colors 
opposite each other are complementary. Place a red and a 

* HaloB, coronas, Bandogs, circles aboni the moon, and the tinting at snnrise and 
eonset, are produced by the refhiction and reflection of the snn^s rays by the clonds. 
The phenomenon known as the *^ snn*s drawing water," consists of the long shadows 
of broken clonds. Twilight and kindred topics are treated in Astronomy. 

t Certain substances are able to split a ray of light into its complementary colon* 
Thos gold-leaf reflects the red and transmits the green. 
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blue ribbon side by side. The former will take on a yellow 
and the latter a green tint. Lay a piece of tissue paper 
upon black letters printed on colored paper. The dark 
letters will appear of a color complementary to that of the 
background.* 

7. Interferenoe of Light {Ifetctan's Rings). — ^Let the 
convex side of a plano-convex lens be pressed down upon a 
plane of glass. The two surfaces will apparently touch at 
the centre. If different circles be 
described around this point, at all fio. lei 




parts of each circle the surfaces will tm^S 
be the same distance apart, and the 
larger the circle the greater the distance. Now let a beam 
of red light fall upon the flat surface. A black spot is seen 
at the centre ; around this a circle of red light, then a dark 
ring, then another circle of red light, and so alternating to 
the circumference. The distances between the surfaces of 
the glass, where the successive dark rings appear, are pro- 
portional to the numbers 0, 2, 4 , and the bright 

circles to 1, 3, 5 This fact suggests the cause. There 

are two sets of waves, one reflected from the upper surface 
of the plane glass, and the other from the lower surface of 
the convex glass. These alternately interfere, producing 
darkness, and combine, making an intenser color, f To de- 

* A color is heightened when placed near its complement. A red apple is the 
brighter for the contrast of the green leaf.— Observe a white dood tiirongh a bit of 
red glass with one eye and through green glass with the other eye. After some 
moments, transfer "both eyes to the red glass, opening and closing them alternately. 
The strengthening of the red color in the eye fittigned by its complementary green, 
is yery striking.— In examining ribbons of the same color, the eye becomes wearied 
and unable to detect the shade, because of the mingling of the complementary hue. 

t The play of colors in mother-of-pearl is due to the interferenoe of light in its 
thin overlapping plates.— In a similar manner the plumage of certain birds reflects 
changeable hues.— A metallic sur&oe ruled with fine parallel lines not more than 
ivVs of an inch apart, gleams with brilliant colors.- Thin cracks in plates of glass or 
quartz, mica when two layers are slightly separated, even the scum floating in 
stagnant water, breaks up the white light of the sunbeam and reflects the varying 
tints of the rainbow.— The rich coloring of a soap-bubble is caused by the interfisr- 
enoe of the rays reflected fh>m the upper and lower surflices of the bubble.— 
DmsAonoK is a kind of interference produced by a beam of light passing along the 
edge of an opaque body or through a small opening. Ex. : If we hold a flne needle 
close to one eye and look toward the window, we see several needles.- Place U» 
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termine the length of a wave of red light, we hare only to 
measure the distance between the two glasses at the first 
ring. 

When beams of light of the yarions colors are used cor- 
responding circles are obtained, having different diameters ; 
red light gives the largest, and violet the smallest. Wo 
hence conclude that red waves are the longest, and violet 
the shortest. The minuteness of these waves passes com- 
prehension« About 40,000 red waves and 60,000 violet ones 
are comprised within a single inch. Knowing the velocity 
of light, we can calculate how many of these tiny waves 
reach our eyes each second. When we look at a violet 
object, 757 million million of ether-waves break on ther 
retina every moment I 

8* Color is analogous to pitch, violet corresponding to 
the high and red to the low sounds in music. Intensfty of 
color, as of sound, depends on the amplitude of the vibra- 
tions. When a body absorbs all the colors of the spectrum 
except blue, but reflects that to the eye, we call it a blue 
body; when it absorbs all but green, we call it a green 
body.^ Bed glass has the power of absorbing all except the 
red rays, which it transmits. When a substance reflects all 
the colors to the eye, it seems to us white. If it absorbs aU 
the colors, it is black. Thus color is not an inherent prop- 
erty of objects, f In darkness all things are colorless. 

bladoB of two knlyes cloeely together and hold them np to the sky: waving lines of 
interference will eliade the open space.— Look at the sky through the meshes of a 
▼eil, or at a lamp-light through a bird-feather or a line slit In a card, and delicate 
colors ¥rill appear. 

* Some eyes are blind to certain colors, as some ears are deaf to certain sounds. 
** Color-blindness " generally exists as to red. Such a person cannot by the color 
distingnish ripe cherries from the leayes. Doubtless railway aocidoits have occurred 
through this inability to apprehend signals. Dr. Mitchell mentions a naval officer 
who chose a blue coat and red waistcoat, believing them of the same color ; a tailor 
who mended a bla^^k sUk waistcoat with a piece of crimson ; and another who put 
a red collar on a blue coat. Dalton could see in the solar spectrum only two colors, 
blue and yellow, and havii.g once dropped a piece of red sealing-wax in the grass, he 
eould not distinguish it. 

t Moisten a swab with alcohol saturated with common Bait. On igniting the 
torch every object will take on a curious ghastly yellow hue from the burning 
K>dinm. The gay colors of flowers will instantly be quenched. 

8 
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9. Polarizatltm of Light (Double Iiefra<!iion)^Ti ve 
could look at the end of a ray of light as we can at the end 
of a rod, we should see the partielos of ether swimming 
swiftly to and fro in the direction of all the 
^^■i«i- dittmetera(Fig. 165). Certain crystals have the 
power of sifting and arranging these Tibia- 
tions into two sets at right angles to each 
other, making a ray of the form seen io 
Fig. 166. As one set is more refracted than 
the other, the ray is divided into two— the 
ordinary and the extraordinary. Bays which have thus been 
sifted constitute polarized light. Iceland spar possesses the 



property of double refraction in a remarkable degree. An 
object viewed through it appears double. If the crystal be 
placed on a dot and slowly ^ _ 

turned round, two dots 
will be seen, the second 
revolving about the first. 

Objects seen by polar- 
ized light present curious 
changes. A crystal of 
quartz reveals beautiful 
colors due to interference. 

Looking at a lamp-light through a piece of thin mica, we see 
a series of polarized rays having a star-like form. When 
polarized light is passed through common glass no change 
is noticed, but on slight pressure a system of variegated 
colors appears. Polarized light therefore affords a delicate 
means of determining the molecular structure of a body.* 

The French government naee t, |>alaHzlDg 
applltd to t«it the qiulit; of engar. 
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B.-OPTICAL INSTRUMKNTa 

1. Sfficroscopes {lo see gmall things) are of two kinds, 
simple and compourul. The former consists of one or more 
convex lenses through which the object is eeen directly : the 
latter contains a simple magnifier for viewing the image of 



an object prodnced by a second lens. Fig. 168 represents a 
componnd microscope. At M is a mirror which reflects the 
ra^ of light through the object a. The object-lens (objec- 
tive) forms, in the tube above, a magnified, inverted image 
of the object. The eye-iena (ocular) magnifies this image. 
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The magnifying power of the instrament is nearly equal to 
the product of that of the two lenses. If a microscope in- 
creases the apparent diameter of an object 100 times, it is 
said to haye a power of 100 diameters, the surface being 
magnified 100* = 10,000 times. The eye-piece may be only a 
single lens, and is really a simple microscope. The object- 
lens often consists of several lenses, and each one of a com- 
bination (p. IGl) to prevent aberration. 

2. Telescopes (to see afar off) are of two kinds, reflect- 
ing and refracting. The former contains a large metallic 
mirror (speculum) which reflects the rays of light to a focus. 
The observer stands at the side and examines the image with 
an eye-piece.* 

The Befracting Telescope contains an object-lens o which 
forms an image aS. This is viewed through the eye-piece 0, 
which produces a magnified, inverted image cd. The latter 
image is as much larger than the former as the focal distance 




of the eye-piece is less than that of the object-glass. The 
larger the object-lens the more light is collected with which 
to view the image. The magnifying power is principally due 
to the eye-piece, f The apparent inversion of the object is 

* The largest reflecting telescope is that of Lord Bosse (See FrontiBpiece to 
Astronomy). Its specolom is 6 feet in diameter and gathers about 190,000 times ss 
much light as would ordinarily enter the eye, 

t The Washington Observatory telescope has an object-glass 26 inches in diam* 
eter, and of excellent defining power. The Chicago telescope has a lens of 18^ inches 
diameter. It collects *' 5000 times as mnch light as the unaided pupil ^^— eqniyalent 
to increasing the astronomer*s eye to that size. The use of the telescope depends 
upon (let) its li^ht-coUecting and (2d) its magnifying power. Thus Hersdiel, illas- 
trating the former point, says that once he told the time of night ttom a dock on a 
steeple invlBible on account of the darkness. It is noticeable that while in the com- 
pound microscope the image is as much laiger than the object as the Image is farther 
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of no importance for astronomical purpOBee. In terrestrial 

obeerrations additional lenses are used to invert the image, 

3. The Operarglass contains an object-glass and an 




tha tim, m ihaU ertdentlr m« tha >an » If It were only KfKO miles ■wa)'. or 
Uun ooe^ialf Ibe dialUMe or the mcxm. Ths ume power nied npoi ths Bi 
voold bring IliM bodr tOptRoOr to tIIUd MO mltec of ni. 
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eye-piece o. The latter is a donbb- 
concave lena ; this increases the Tifiocl 
angle by diverging the rays of light, 
which Tould otherwise come to a focus 
beyond the eye-piece. An erect and 
magnified image is seen at ab. 

4. The Stereoscope contains ptnv 
tions of two convex lenses (Fig, 172). 
Two photographs A and B are taken 
by two cameras inclined to each other. 
Tins prodnces two pictnree like the 
views we obtain of an object by the 
use of each eye alternately. The 
blending at causes the appearance 
of solidity.* 

'^ '5. The Magio Lantern, or Stere- 

opticon, contains a reflector M, which condenses the rays of 
a light (Fig. 17i) upon a lens L. They are there converged 
upon the object ab. Thence a double lens m throws a 
magnified image on the screen AB. Dissolving views are 
produced by two lanterns containing the scenes which are 
to melt into each other. 

Pm-ITB. 




* Id Pig. 173 there u« two views of a tDonel. In one Iba openlnK Is at the hit 
Of Ibe cenlra and in tbe other at the right If the Tleir be beU ttboat 4 Inchea bom 
the ejt» Ihne engravliigs wiD be Men, the middle OD* nniiied br the meDia) bloid- 
tag of the other tiro. B; cloeing either eje aUamatdr one vlair WlD dls^ipear. 

See alao p. xfL Fmh Facte and Theoiiea. 
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6. The Camtira, used by phutogrjiphGrs, contains a 
double-convex lens, A, which throws an inverted image of 
the object upon 

the ground-glass '"■ "^_ 

screen EB. When 
the focus has been 
obtained, the 
screen is removed 
and a slide, con- 
taining a sensitive 
film, is inserted in 
its place. (Cfiem- 
istry, p. 1C7.) 

7. The Eye is 
a unique optical 

instrument resembling a camera. It is rarely, if ever, 
troubled by spherical or chromatic aberration, and is self- 
focusing. The outer membrane is termed the sclerotic coat, 
S. It is tough, wJiite, opaque, and firm. A little portion 
in front, called the cornea, c, is more convex and perfectly 
transparent. The middle or choroid coat, 0, is soft and 
delicate, like velvet. It lines the inner part of the eye and 
is covered with a black pigment, which absorbs the super- 
fluous light. Over it the optic nerve, which enters at the 
:ear, expands in a net-work of delicate fibres termed the 
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retina, the Beat of Tiaion. Back of the cornea is a colored 
curtain, hi, the iris (rainbow), in vMoh is a round hole 
called the pupil. The crystaUine lens, o, is a donble- 
convex lens, composed of concentric layers somewhat like an 
onion, weighing aboat 4 grains and transparent as glass. 
Between the cornea and the crystalline lens is a limpid flnid 



termed the aqueous humor; while the vitreous humor, a 
transparent, jelly-Uke Uqiiid, fills the space back of the 
crystalline lens. 

Let AB represent an object in front of the eye. Bays of 
light are first refracted by the aqueous humor, next by the 
crystalline lens, and last by the vitreous humor, forming on 
the retina an image, ab,* which is real, inverted, and smaller 
than the object. - To render vision distinct, the rays must 
be accurately focused on the retina. If we gaze steadily at 
an object near by, and then suddenly observe a distant one, 
we find our vision blurred. In a few moments it becomes 
clear again, showing that the eye has the power of adapting 
itself to the varying distances of objecta. This is done by 
a change in the convexity of the crystalline lens. When 

• Tbe diuDeter of Ibe vjt Is leie tlun ui Inch ; ret, tt we looli OTer an ezUodei 
liDdscape, ever? featore, wIUi hU ila nrlet; ot shade end color, Is repeated Id 
mlnUtuTB on Uie retina. Millions npon mlllioni of ether wavee, conTcrglng (hnn 
erer; directlOQ. break on tlut tinj beach, wbile we, obUvIonB to I 
naCQte of the «1, think onlj of tbe beaaty of the revelation. Tel In : 
■eei a new lUnBttatlan of the slmpUcltr and perfectlOD of tbe laws i 
tiu Divine Workmao, aod a continued reminder of HIa forethoogbt an 
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the distance at which the clearest yision occurs is less than 
ten or twelve inches^ the person is nearsighted, and when 
greater, far-sighted. Too great flatness or convexity of the 
cornea or crystalline lens will produce this result. The 
defect, however, often lies in the shape of the eyebalL In 
far-sightedness the ball is too fiat, and the retina too near 
the lens ; in near-sightedness the ball is elongated, so that 
the retina is too distant. The former can be remedied by 
convex glasses, which bring the rays to a focus sooner, and 
the latter by concave, which throw the focus further back. 

The retina retains an impression about one-eighth of a 
second, * This explains why a wheel, when rapidly revolved, 
appears solid, or a lighted brand like a ring of fire. On the 
other hand, it requires a moment for an impression to be 
made. Thua a wheel may be whirled so swiftly that its 
spokes become invisible. 

PRACTICAL QUESTIONS.—!. Why is the secondAry bow fidnter than the 
primary ? Why are the colors reversed ? 2. Why can we not see around the comer 
of a house, or through a bent tube f 8. What color would a painter use if he wished 
to represent an opening into a dark cdlar ? 4. Is white a color f Is black ? 5. By 
holding an object nearer a light, will it increase or diminish the size of the shadow ? 
6. What must be the size of a glass in order to reflect a fkill-length image of a person ? 
Am. Half the person's height. 7. Where should we look for a rainbow in the 
morning? 8. Can two spectators see the same bowf 9. Why, when the drops of 
water are fkdling through the air, does the rainbow appear stationary f 10. Why can 
a cat see in the night ? 11. Why cannot, an owl see in daylight f 12. Why are we 
blinded when we pass quickly fh>m a dark into a lighted room ? 18. If the light of 
the sun uiK>n a distant planet is t^ of that which we receive, how does its distance 
from the sun compare with ours ? 14. If, when I sit six feet fixnn a candle, I receive 
a certain amount of light, how much shall I diminish it if I move back six feet 
further ? 15. Why do drops of rain, in falling, appear like liquid threads ? 16. Why 
does a towel turn darker when wet ? 17. Does color exist in the object, or in the 
mind of the observer ? 1& Why is lather opaque, while air and a solution of soap 
are each transparent? 19. Why does it whiten molasses candy to '^pull It*^? 20. 
Why does plastering become Ugfater in color as it dries ? 21. Why does the pho- 
tographer use a kerosene-oil lamp in the '* dark room *' ? 22. Is the common division 
of colors into "cold " and "warm" verified in philosophy? 28. Why is the image 
on the camera. Fig. 175, inverted ? 24. Why is the second image seen in a mirror. 
Fig. 13S, brighter than the first ? 25. Why does a blow on the head make one " see 
stars " ? Ans. The blow excites the optic nerve, and so produces the sensation of 
light. 26. What is the principle of the kaleidoscope? 27. Which can be seen at 



* When one Is riding dowly on the cars and looking at the landscape between the 
upright fence-boards, he catches only glimpses of the view; but when nwoing 
rapidly, these matches will combine to form a perfect landscape^ which has, howevei; 
a grayish tint, owing to the decreased amount of light reflected to the eye. 
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fhe greBier dlatanc o g i a y or yellow ? S8. Look down into the glass of water shown 
in vig. 145, and, at a certain angle, yon will see two spoons, one small and having 
the real handle of the spoon, though apparently bent, and the real spoon with no 
handle. Explain. 29. When a star is near the horizon, do^ it seem higher or lower 
than its trne place ? 80. Why can we not see a rainbow at midday ? 81. What con- 
clusion do we draw fix>m the £Eict that moonlight shows the same dark lines as enn- 
light f 83. Why does the bottom of a ship seen under water appear flatter than it 
really is ? 88. Of what shape does a round body appear in water f 84. Why is rougli 
glass translucent while smooth glass is transparent } 86. Why are some bodies 
brilliant and others dull ? 86. Why can a carpenter, by looking along the edge of a 
board, tell whether it is straight i 87. Why can we not see out of the window 
alter we have lighted the lamp in the evening ? 88. Why does a ground-glass globe 
soften the light f 88. Why can we not see through ground-glass or painted windows ! 
40. Why does the moon*s surface appear flat? 41. Why csn we see ftirther with a 
telescope than with the naked eye? 42. Why is not snow transparent, like ice! 
43. Are there rays in the sunbeam which we cannot perceive with the eye ? 44. Why, 
when we press the finger on one eyeball, do we see objects double ? 45. Why does 
a distant light, in the night, seem like a star? 46. Why does a bright light, in the 
night, seem so much nearer than it is ? 47. What color predominates in aiHacial 
lights ? Aru. Yellow. 48. Why does yellow seem white, and blue green, when seen 
by artificial light ? 49. Why are we not sensible of darkness when we wink? GO. 
Why is the lens of a fishes eye (seen in the eye-socket of a boiled fish) so convex? 

61. When do the eyes of a portrait seem to follow a spectator to all parts of a room ? 

62. Why does the dome of the sky seem flattened ? 68. Why do the two parallel 
tracks of a railroad appear to approach in the distance? 51 Why does a fog mag- 
nify objects ? 66. If you sit where you cannot see another person's Image, whj 
cannot that person see yours ? 66. Wby can we see the multiple images in a 
mirror better if we look into it very obliquely ? SI. Why is an image seen in water 
inverted? 68. Why is the sun's light fhinter at sunset than at midday? 59. Why 
can we not see the fence-posts when we are riding rapidly ? 60. Ought a red flower 
to be placed in a bouquet by an orange one ? A pink or blue with a violet one 1 
61. Why are the clouds white while the clear sky is blue? 62. Why does skim- 
milk look blue and new milk white ? 63. What would be the eflfbct of filling the 
basin, in the experiment shown in Fig. 147, with salt water ? 64. Why is not the 
image of the sun in water at midday so bright as near sunset ? 66. Why is the 
rainbow always opposite the sun ? 



SUMMARY. 



Ztiffht comes from the Btin and other self-lnininoiis bodie& It is 
transmitted by means of vibrations in ether, according to the principles 
of wave-motion. It radiates equally in all directions, travels in 
straight lines, decreases as the square of the distance, and moves 
186,000 miles per second. Light falling upon a body may be absorbed, 
transmitted or reflected. If the surface be rough, the irregularly- 
reflected light enables us to see the body ; if it be smooth and highly 
polished, the rays are reflected so nearly as they fall that they form 
an image of the original object. Surfaces producing such images are 
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termed minoTS— plane, concave, or convex. The image is seen in the 
line of the reflected ray, and, in a plane mirror, as far behind the 
mirror as the object is in front. Multiple images are produced by 
repeated reflections, as in the kaleidoscope. A concave mirror, as 
generally used, collects the rays, and serves to magnify an object or to 
throw a parallel beam of light. A convex mirror scatters the rays, 
and apparently diminishes the size of an object 

When a ray enters or leaves a transparent body obliquely it is 
refracted ; if passing into a rarer medium it is bent from, and if into 
a denser, toward a perpendicular. A transparent body with one or 
more curved surfaces is a lens. There are two classes — convex and 
concave. The former lens, as generally used, tends, like a concave 
mirror, to collect the rays of light, and is known as a " magnifier"; 
the latter, like a convex mirror, scatters the rays of light, and is 
known as a "diminisher." Mirage is an optical delusion caused by 
reflection and refraction of light in passing through air composed of 
strata of unequal density. Owing to the varying ref rangibility of the 
different constituents of the sunbeam, a prism can disperse them into 
a colored band called the solar spectrum, llie spectrum shows white 
light to consist of seven elementary colors, and that the sunbeam con- 
tains, in addition to the luminous rays, heat and chemical rays. By 
means of the spectroscope we can examine the spectrum of a flame, 
and find whether it is a burning gas or an incandescent solid. Each 
substance gives a spectrum with its peculiar lines of color. A gas 
absorbs the same rays that it is capable of emitting ; hence we have 
absorption spectra, which contain dark instead of colored lines. A 
delicate mode of analysis is thus furnished, whereby the elements 
even of the distant stars can be detected. The rainbow is formed by 
the refraction and reflection of the sunbeam in raindrops. Light, 
when reflected by or transmitted through bodies, is so modified, chiefly 
by absorption, as to produce the varied phenomena of color. Each 
color has its own wave-length, the minuteness of which is almost 
incredible. Different systems of light, as of sound waves, may co- 
exist. But if any two coincide with similar phases they will strengthen 
each other ; and if with opposite phases, weaken each other. Inter- 
ference of light, as thus produced, causes the play of colors in the 
soap-bubble, mother-of-pearl, etc. Polarized light is that in which 
the molecular vibrations are made in the same plane. It is of use in 
determining the internal constitution of a body. 

The principal optical instruments, including the eye, are adapted 
to produce and examine the image formed by a lens. In the magic- 
lantern, stereopticon, and solar microscope, the image is thrown on a 
screen in a dark room — ^lamplight being used in the first, the calcium 
light in the second, and sunlight in the third. In the refracting tele- 
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scope and the miciosoope, the image is formed in a tnbe hj a lens at 
one end and looked at from behind bj a lens at the other end. In the 
eje, which is a small camera-obscura, the image is formed on the 
retina, whence the sensation Is carried bj the optic nerve to the 
brain. 



HISTORICAL SKETCH. 

The ancients knew that light is propagated in straight lines. Thej 
deduced the laws of reflection, and we read that Archimedes set fiie to 
the Roman ships off Syracase hj means of concave mirrors. Eadid 
and Plato, however, thought that the raj of light proceeds from the 
eye to the object, an error that was long of correction. One thousand 
jears did not pursue the subject into other departments. The Arabian 
philosopher, Alhazen, who* lived in the eleventh century, discovered 
the phenomenon shown in Fig. 147. About 1608 the telescope was 
invented by the Dutch.* Jansen, Metius and Lippersheim each claimed 
the honor, and the legend is that the discovery grew out of some 
children at play, accidentally arranging two watch-glasses so as to 
magnify a distant object. In fact, however, the action of the convex 
lens was already known, the compound microscope had been in- 
vented by Jansen 20 years previously, and the simple microscope was 
known to the ancient Chaldeans. In 1621 Snell discovered the law of 
refraction. By its aid Descartes explained the rainbow. Half a cen- 
tury of waiting, and Newton published his investigations in the 
decomposition of light. He, however, believed in what is known as 
the " corpuscular theory," that light consists of miuate particles of mat- 
ter radiated in straight lines from a luminous object In 1676 Roemer, 
by observing Jupiter's moons (p. 150), found out the velocity of light, 
which up to that time had been considered instantaneous. A little 
later, Huygens advanced the undulatory theory, wliich was applied 
with singular skill by Young and Fresnel, in the first quarter of the 
present century, to explain all optical phenomena. (See list of books 
for additional information, on p. 120.) 

* " In 1609, the government of Venice made a considerable present to Signor 
Galileo, of Florence, Professor of Mathematics at Padua, and increased his annual 
stipend by 100 crowns, becanse, with diligent study, he found out a rule and measure 
by which it is possible to see places 30 miles distant as if they were near, and, on the 
other hand, near objects to appear much laiger than they are before our eyes."" 
From ancM paper in the Ubrary qf Hdddberg TMnereUy, 



VIII. 



" The combustion of a single pound of coal, supposing it to take place in 
a minute, is equivalent to the work of three hundred horses ; and the force 
set free in the burning of 300 lbs, of coal is equivalent to the work of an 
able-bodied man for a lifetime** 
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HEAT. 

1.— PRODUCTION OP HEAT. 

1. Definitions. — Luminous heat is that which radiates 
from a luminons body. Ex. : The heat of a white-hot iron. 
Obscure heat is that from a non-luminous source. Cold is a 
relative term, indicating the partial absence of heat. Gcisea 
and Vapors differ but slightly. The former retain their 
form at the ordinary temperature and pressure. Ex. : Air. 
The latter are readily condensed and at the ordinary tem- 
perature appear as liquids or solids. Ex. : Steam. 

2. Relation between Light and Heat. — Thrust a 
cold iron into the fire. It is at first dark, but soon becomes 
luminous, like the glowing coals. — Baise the temperature of 
a platinum wire. We quickly feel the radiation of obscure 
heat-rays. As the metal begins to glow, our eyes detect a 
red color, then orange combined with it, and so on through 
the spectrum. At last all the colors are emitted, and the 
metal is dazzling white. All bodies become luminous at a 
fixed temperature. like light, heat may be reflected, re- 
fracted, and polarized. It radiates in straight lines in 
every direction, and decreases in intensity as the square of 
the distance. It moves with the same velocity as light. It 
is therefore believed that light is luminous heat, and that 
the three classes of waves in the solar spectrum differ merely 
as one color from another, in the rapidity of the vibrations.* 

* According to Tyndall, 95 per cent, of the rays from a candle are invisible or heat- 
lays. Th^se may be broaght to a focus and bodies fired in the darkness.— Each of 
the five classes of nerves seems to be adapted to transmit vibrations of its own kind, 
while it is insensible to the others. Thas, if the rate of oscillation be less than that 
of red, or more than that of violet, the optic nerve is nninflaenced by the waves. We 
cannot see with our fingers, taste with our ears, or hear with oar nose. Tet these 
are organs of sensation and sensitive to their peculiar impressions.—** Suppose, by 
a wild stretch of imagination, some mechanism that will make a rod turn round one 
of its ends, quite slowly at first, but then faster and fkster, till it will revolve any 
number of times in a second ; which is, of conrse, perfectly imaginable, though yoa 
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The longer and slower wayes of ether fall npon the nerves 
of touch, and produce the sensation of heat. The more 
rapid affect the optic nerve and produce the sensation of 
light. The shortest and quickest cause chemical changes. 

3. Theory of Heat. — Heat is motion. The molecules 
of a sohd are in constant yibration. When we increase the 
rapidity of this oscillation, we heat the body ; when we 
decrease it, we cool the body. The vacant spaces between 
the molecules are filled with ether. As the air moving 
among the limbs of a tree sets its boughs in motion, and in 
turn is kept in motion by the waving branches, so the 
ether puts the molecules in vibration, or is thrown into 
vibration by them. Ex. : Insert one end of a poker in the fire. 
The particles immersed in the fire are made to vibrate in- 
tensely; the swinging molecules strike their neighbors, and 
so on continually, until the oscillation reaches the other 
end. If we handle the poker, the motion is imparted to the 
delicate nerves of touch; they carry it to the brain, and 
pain is felt. In popular language, **the iron is hot," and 

could not find snch a rod or pat together tach a mechanism. Let the whirttng go on 
In a dark room, and suppose a man there knowing nothing of the rod ; how will he 
be affected by it ? So long as it tarns bat a few times in the second, he win not be 
aflbeted at aU onless he is near enough to receive a blow on the skin. But as soon as 
It b^fins to spin from sixteen to twenty times a second, a deep growling note wiU 
break in apon liim throagh his ear ; and as the rate then grows swifter, the tone wiH 
go on becoming less and less grave, and soon more and more acute, tiU it will reach a 
pitch of shrillness hardly to be borne, when the speed has to be counted by tens of 
thousands. At length, about the stage of forty thousand revolutions a second, more 
or less, the shrillness wiU pass into stillness ; sUence wiU again reign as at first, nor 
any more be broken. The rod might now plunge on in mad fhry for a long time with- 
out making any difference to the man ; but let it suddenly come to whirl some million 
times a second, and then throagh intervening space feint rays of heat win begin to 
steal towards him, setting up a f eeUng of warmth in his skin ; which again will grow 
more and more intense, as now through tens and hundreds and thousands of millions 
the rate of revolution is supposed to rise. Why not bilUons ? The heat at first will 
^ only so much the greater. But, lo I about the stage of four hundred biUions there 
te more— a dim red .ight becomes visible in the gloom ; and now, while lA rate still 
mounts up, the heat in its turn dies away, till it vanishes as the sound vanished; 
B^t the red light wffl have passed for the eye into a yellow, a green, a blue, and, last 
Kn ^ ^ ^olet. And to the violet, the revolutions being now about eight hundred 
^^f^ a second, there win succeed darkness— night, as in the beginning. TWa 
^kness too, like the stOlness, wW never more be broken. Let the rod whirl on si 
n nay, its doings cannot come within the ken of that man*8 senaea.** 
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we are burned. I^ without touching it, we hold our hand 
near the poker, the ether- waves set in motion by the mole- 
cules of iron strike against the hand, and produce a less 
intense sensation of heat. In the former case, the fierce 
motion is imparted directly; in the latter^ the ether acts as 
a carrier to bring it to us. 

4:. The Sources of Heat are the sun^ stars, and me- 
chanical and chemical forces. 

(1.) The molecules of the sun and stars are in rapid vibra- 
tion. These set in motion waves of ether, which dart across 
the intervening space, and surging against the earth, give 
up their motion to it. (2.) Friction and percussion produce 
heat, because additional motion is thereby imparted to the 
vibrating particles.* (3.) Chemical action is seen in fire. 
The oxygen of the air has an affinity for the carbon and 
hydrogen of the fuel. They rush together. As they strike, 
their motion is stopped. The shock sets the molecules in 
vibration. They impart their motion to the ether, and 
thus start waves of heat. 

5. Mechanical Equivalent of Heat {Joules Law). — 
In these various changes of mechanical-motion into heat- 
motion no energy is lost. If the heat produced by the black- 
smith's hammer falling on the anvil could be gathered up, 
it would be sufficient to lift the hammer to the point from 
which it fell. A pound-weigTit falling 772feety mil generate 
enough heat to raise the temperature of 1 lb, of water i°; 

• Savages obtain fire by rabbing together two pieceB of wood.— A horse hits his 
shoes against a stone and " strikes fire ; *^ little particles of the metal being torn off 
are heated by the shock and bum as sparks.— A ballet checked instantly, as by a 
bone in the body, is partially Aised.— A train of cars is stopped by the pressure of the 
brakes. In a dark night, we see the sparks flying from the wheels, the motion of 
the tnin being converted into heat.— A blacksmith ponnds a piece of iron nntil 
it^ws. His strokes set the molecules of metal Tibrating rapidly enough to send 
ether-waves of such swiftness as to affect the eye of the observer.— As a cannon-shot 
strikes an iron target, a group of sparks pours from It.— Were the earth instantly 
stopped, enough heat would be produced to ''*■ raise a lead ball the size of our globe 
to 884,000" 0.** If it were to fiill to the sun its impact would produce a thousand 
times more heat than its burning. The earth thus contains within itself the elements 
for the fUiUlment of the prediction that it shall "■ melt with fervent heat.** 
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conyerselj, the amonnt of heat necessary to elevate the 
temperature of 1 lb. of water 1°, will raise a pound-weight 
772 feet 

%. PHYSICAL EFFECTS OF HBAT. 

1. Temperature. — The heat-force increases the kinetic 
energy {vis viva, p. 37) of the molecules and so elevates the 
temperature of a body. If, however, the same amount of 
heat be applied to the same weight of different substances 
they will not show the same increase of temperature. In 
estimating the specific heat (see specific gravity, p. 92) of 
the various kinds of matter, the quantity of heat required 
to raise the temperature of 1 lb. of water 1° is taken as the 
standard. That amount would elevate the temperature of 
1 lb. of mercury 30°; hence its specific heat is ^. 

2. Expansion. — ^The heat-force urges the molecules of a 
body into longer vibrations and so increases its size. Hence 
the general law ''Heat expands and cold contracts.'* As a 
rule, gases expand most, liquids next and solids least. The 
expansive force exerted is often enormous. Thus a rise of 
45° 0. in the temperature, which may occur during a sum- 
mer's day, will lengthen a bar of wrought-iron, 10 inches 
long, -^^ of an inch, and if the ends are fastened, exert a 
strain of 50 tons. When the metal cools, it will contract 
with the same force.* 

The Mercurial Thermometer is an instrument for measur- 
ing temperature by the expansion of mercury, f To graduate 

* A carriage-tire 1b put on when hot, that, when cooled, it may bind the wheel 
to{?ether.— Rivets nsed in fastening the plates of steam-boilers are inserted red-hot. 
— " The ponderous iron tubes of the Britannia bridge writhe and twist, like a hnge 
serpent, under the varying influence of the solar heat. A span of the tube is de- 
pressed only a qnarter of an inch by the heaviest train of cars, while the sun lifts it 
2| inches.*'— The Bunker-hill monument node as it follows the sun in its dafly 
course.— Tumblers of thick glass break on the sudden application of heat, because 
the surface dilates before the motion has time to reach the interior. 

+ Take the glass tube shown in Pig. 68, and heat the bulb to expel the air, Then 
plunge the stem in colored water. As the bulb cools, the water will rise and parUy 
fill it. Heat the bulb again until the steam pours out of the stem. On inserting it a 
second time, the water will fill the bulb. In the manufacture of thermometers, it is 
customary to have a cnp blown at the upper end of the stem. This is filled with 
mercury, and the air, when expanded, bubbles out through it, while the metal 
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It, according to Fahrenheit's scale (F.), each thermometer ia 
pnt in melting ice, and the point to which the mercury 
sinks is marked 33°, Freezing-point.* It is 
then placed in a steam-bath, and the point to *^"- ^^■ 
which the mercury rises (when the barometric 
column stands at 30 in.) is marked 212% Boil' 
ing-point. The space between tliese two points 
is divided into 180°. In the Centigrade scalo 
(C) the freezing-point is 0, and the boiling- 
point 100°. In Keamnur's scale (R.), the boil- 
ing point is 80°. f. 

3. Xiiqae&otioa or fosion. When heat is 
applied to a solid body, a point is finally reached 
when this repellent force neutralizen the attrac- 
tive force (p. 43). The molecules then, escap* 
ing the grasp of cohesion, move freely on one 
another. In this process, large quantities of 
heat are conaamed. Thus if ice at 32° be 
melted, 143° of heat will disappear J and the 
water will still indicate only 32°. Ileat which 
thns enters a body without raising its temperature, is termed 
ialent heat. § 

trlcUes down as Ibe bnib coole. Tbe mmnrj Is Iben ht;^)- bated, whan th« tabs 
Ib melted off aod waled M the end of tbe colonui of mentirj. Tbe mctst coDCnKla 
on cooliD);, and leates ■ vacanni nbore. 

* The inventor placed sero 32** below tbe tempentnre of freedno; water, because 
be thongbt that sbsohile cold— a polnl now estimated to be aboat —373° C 

t Tbe followlDg foimnlc will be of use in comparing llie leadlnsB of tlie diflteienl 
*o<ie»: E = lC= {(P-S?';, (1.) 

C = t R = t IF — 82°). (a.) 





1-C = 1^F. 
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Freeing mixtvrea depend on the principle jast expl^ned 
In treezing ice-cream, salt and ice are used. Salt having an 
attraction for vater dissolves the ice, and then itself diBBolvea 
ID the water thus formed. In this process two solids become 
liquids. The necessary heat ia absorbed mainly from the 
cream. 

Liquefaction of gates. When a gas is cooled, the repellent 
force is weakened, and the moleculeB once more approach 
one another. By the continaed action of cold and pressme 
every known gas can be rednced to a liquid form. In the 
case of carbonic acid, nitrogen, oxygen, etc., the instant the 
]H«asure is removed they resume the gaseous state. * 



4. Vaporization. — ^When heat is applied to a liquid the 
temperature rieeH until the boiling-point is reached, when it 
stops and the liquid is changed to vapor at that constant 
temperature. The vapor ia nearly free from solids dissolved 
m the liquid. Ex.: Pare or distilled water is obtained 
oy Heating -water in a boUer A, whence the eteam passes 
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throngh the pipe C and the worm within the condenser S, 
where it is condensed and drops into the vessel D. The 
pipe is coiled in a spiral form within the condenser, and is 
hence termed the worm. The condenser is kept full of cold 
water from the tub at the left. By carefully regulating the 
heat, one liquid may be separated from another by distilla- 
tion. (See Chemistry y p. 196.) 

Boiling-point. When we heat water, the bubbles which 
pass off first are the air dissolved in the liquid ; next bubbles 
of steam form on the bottom and sides of the vessel, and, 
rising a little distance, are condensed by the cold water. 
Collapsing, they produce the sound known as '' simmering.** 
As the temperature of the water rises, they ascend higher, 
until they burst at the surface, and pass off into the air. 
The violent agitation of the water thus produced is termed 
boiling.* The boiling-point is not the same in different 
liquids. This causes the variety in the forms of matter. 
Some substances vaporize at or(^nary temperatures ; others 
melt only at the highest ; while the gases of the air are but 
products from substances which vaporize at enormously low 
temperatures. 

The boiling-point of water depends on three circum- 
stances : (1.) Purity of the water. A substance dissolved 
in water ordinarily elevates the boiling-point. Thus salt 
water boils at a higher temperature than pure water. The 
air dissolved in water tends by its elastic force to separate 
the molecules. If this be removed, the boiling-point may 

* The temperature of water cannot be raised above the boiling-pomt, unlees the ^ 
steam be confined. The extra force is occupied in expanding the water into steam. 
This occupies 1,700 times the space, and is of the same temperatare as the water from 
which it is made. Nearly 1000° of heat become latent in this process, bat are made 
sensible again when the steam is condensed. Water requires more heat to warm it 
and gives out more heat when it cools (i. e.y it has a higher specific heat) than, save 
one or two unimportant exceptions, any other substance. When ice is at 82° it must 
absorb 142*' before it becomes water at 82*' ; and when water at 32" it must give off 
143** before it solidifies. The heat which boils ice-cold water would raise iron to a 
glowing red. " The heat-force required to turn a pound of water at 82^ into steam 
would lift a ton weight nearly 400 feet high.*^ Steam is invisible. This we can verify 
by examining it where it issues from the spout of the tea-kettle. It soon condenses, 
however, into minute globules, which, floating in the true steam, render the TapoK 
apparently yiBible. 
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Fig. 179. 



be elevated over 60°, when the water will be converted into 

Bteam with explosive violence. 
(2.) Nature of the vessel, Water will boil at a lower 

temperature in iron than in glass. When the sorface of the 

glass is chemically clean, the boiling-point is still higher. 

This seems to depend on the strength of the adhesion 

between the water and the containing vesseL 

(3.) Pressure upon, the surface raises the boiling-point.* 

Water, therefore, boils at a lower temperature on a moun- 
tain than in a valley. The 
temperature of boiling water at 
Quito TS 90° 0., and on Mont 
Blanc 8^i°. The variation is so 
uniform that the height of a 
place can thus be ascertained ; 
an ascent of 596 feet producing 
a difference of 1° P. 

The influence of pressure is 
well illustrated by the following 
experiment : Boil a glass flask 
half full of water so as to ex- 
pel the air. Cork quickly and 
invert. The pressure of the 
steam will stop ebullition. A 
few drops of cold water will 
condense the steam, and boiling 
will re-commence. This will 
soon be checked, but can be 
restored as before. The process may be repeated until the 
water cools to blood-heat. The cushion of air which com- 
monly breaks the fall of water is removed, and if the cork 
be air-tight, the water, when cold, will strike against the 
flask with a sharp, metallic sound. 

• Preeeure opposes the repenent heat-force, and so renders it easier for cohesion 
to hold the particles together. In the interior of the earth there may be masses of 
matter heated red or white-hot and yet solid, more rigid even than glass, in conse- 
qnence of their melting point being raised so high by the tremenioas pressure thiU 
they cannot liquefy.— ToW. 
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5. Svaix>iation is a bIot formation of vapor, which 
takes place at ordinary temperatiiTefl. Water eTaporstee 
even at the freezing-point. Clothes dry in the open air 
in the coldest weather. The wind quickens the process, 
hecaose it driveB away the moist ^r taear the clothes and 
supplies dry air. Evaporation is also hastened by an in- 
crease of snrface and a gentle heat. 

Vacuum pana are employed in condensing milk and in 
the mannfactnre of sngar. They are so arruiged that the 
air aboTe the liquid in the Teesel may be ezhaosted, and 
then the eTaporation takes place rapidly, and at so low a 
temperature that bnming is avoided. 

The cooling effect of evaporation is dne to sensible heat 
becoming latent in the vapor.* Water may be frozen m a 
Tacnom, if the vapor be removed as faat as formed, f Ice 
is mannfactored in the tropica by machines constracted on 
this principle. The very low temperature of —220° F. was 
prodnced by evaporating in a vacnnm liquid nitrous oxide 
gas and disnlpbide of carbon. 

• PIcHU MahUBiiiedwu wore ( bn nm l y ae- PiB. iftt. 

cnKomed to place. In ulcbM along tbe pnUlc 
BtreeU, poHKu cartkenmn boules (Flc. 180), 
Itlled wltb watst, to ninth tba thlnty trsTel- 



Lu alr'pninp. A watdi- 
^asa of waUr la placed over a pan of Btnmg 
■olplmiic add, which aburba the rapor, and. 
In tbe vBCaniD, a part of Ihe water evapontea 
•o rspldl; ae to fteeie the remainder.— Liquid 
carbonic scdd erpoacd to the open air erapomlcs 
■o qdcUr aa to conTert Itaelf Into a anowj^ 
white aolld. Thla will solldliy mercaiy. On 
throwing the tromn metal into water, tba met- 
eiir7 tnalantlj IlijiiBaea, bnt the water torna to 
Ice, tbe mid thna becoming a llqnld sod tbe 
Hqnld a lolid br tbe exchange of heat. A cold 

knife cnlB throngfa Ihe maaa of froien mereiuT aa a hot knif^ would ordlnarSj Ihroogh 
batter. The author, on one oecaalon, uw Tyndall, daring a amrao of lectorea at 
the BotbI Inatltntion at London, when freeilnfr a ladle of mercarj in a red-hot cm- 
dble, add same ether to haaten the eraporatlon. The llqnld angbt fire, bnl the 
metal waa drawn ont (Tom the glowliig cmclble, thioogh the midU Of the llamei 
fttaen Into a aoUd man. 
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6. Spheroidal State. — ^If a few drops of water be put 
in a hot, bright spoon, they will gather in a globule, which 
will dart to and fro over the surface. It rests on a cushion 
of steam, while the currents of air drive it about. If the 
spoon cool, the water will lose its spheroidal form, and 
coming into contact with the metal, burst into steam with 
a slight explosion.* 

& COMHirNICATION OF HEAT. 

Heat tends to diffuse itself equally among surrounding 
bodies, f There are three modes of distribution. 

1. Conduction is the process of heating by the passage of 
heat from molecule to molecule. Ex. : Hold one end of a 
poker in the fire, and the other end soon becomes hot 
enough to bum the hand. Of the ordinary metals, silver 
and copper are the best conductors. J Wood is a poor con- 
ductor, especially " across the grain. ^* 

Gases are the poorest conductors ; hence porous bodies, 
as wool, fur, snow, charcoal, etc., which contain large quan- 
tities of air, are excellent non-conductors. Eefrigerators 
and ice-houses have double walls, filled between with char- 
coal, sawdust, or other non-conducting substances. Air is 
so poor a conductor that persons have gone into ovens, which 
were so hot as to cook meat, which they carried in and laid 
on the metal shelves ; yet, so long as they did not them- 



♦ Drops of water spilled on a hot Btove illustrate the principle.— By moistening 
the flnger, we can tonch a hot flat-iron with imponity. The water assumes this state, 
and thus protects the flesh fh>m injury.— Furnace-men can dip their moistened hands 
into molten iron. 

t If we touch an object colder than we are, it abstracts heat from ns, and we say 
** it feels cold ; " if a warmer body, it imparts heat to ns, and we say " it feels warm." 
Adjacent objects have, however, the same temperature, though flannel sheets feel 
warm, and linen cold. These effects depend upon the relative conducting power of 
different substances. Iron feels colder than feathers because it robs us &ster of our 
heat. 

t Place a sliver, a Qerman-silver, and an iron spoon in a dish of hot wat«r. 
Notice how much sooner the handle of the silver spoon is heated than the others. 
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Belres touch any good condactor, they experienced little 
inconvenience. 

Liquids are also poor condnctors. ^^- '^■ 

Ex. : Hold the upper end o( a teat- 
tube of water in the flame of a lamp. 
The water nearest the blaze will boil 
withont the heat being felt by the 
hand. 

3. Convection is the process of 
heating hy circulation. (1.) Con- 
vection OF Liquids. — Place a little 
sawdust in a flask of water, and ap- 
ply heat. We shall soon find that an 
ascending and a descending current 
are established. The water near the 
lamp becoming heated, expands and 
rises. The cold water above sinks to take its place. 

(2.) Op Gases. — By testing with a lighted candle, we 
shall find at the bottom of a door opening into cold air, a 
current setting inward, and at tho top, one setting outward. 
The cold air in a room flows to the stove along the floor, is 
heated, and then rises to the ceiling. Heating by hot-MT 
furnaces depends upon the principle that warm air rises. 

3. Badlation is the transinission of heat-rays in straight 
lines. The heat from the ann comes to the earth in this 
manner. A hot stove radiates heat. Rays of heat do not 
always elevate the temperature of the medium through 
which they pass. When the motion of the ether-wavea is 
stopped, the effect is felt.* Space is not warmed by the 
gunbeam. Meat can be cooked hy radiation, while tho air 
around is at the freezing-point. A rough, unpolished sur- 
face is a better radiator than a smooth, bright one. Extent 
of surface increases radiation. Air, vapor, and glass allow 
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lumioMu rayB of heat to pass throagh them readily. Thus 
the heat of the sunbeam easily penetrates our atmosphere, 
windows, etc But the earth, and various objecte on ite Bnr- 
foce, absorb and radiate the heat back again as obscure heat 
in long, slow wares. These have no power to pass the 
watery vapor in the air or through glass. The moisture of 
tho air thus acts as a trap to catch the sunbeam for us. If 
tho aqueous vapor were removed, the earth would become 
uninhabitable. On the desert of Sahara, where "the soil 
is fire and the wind is flame," the dry air allows tbe 
heat to escape so readily that ice is sometimes formed at 
night. 

Absorption and reflection are intimately connected with 
radiation. A good abeorber is also a good radiator, bnt a 
good reflector can be neither. Snow is a good reflector, bnt 
a poor absorber or radiator. Light colors absorb solar heat 

leas and reflect more than dark colors.* 
na.m White is generally considered the best 

reflector, and black the best absorber 

and radiator. 



nupended In a fUta ^otM trma whieb the air 1b ei- 
hsn^ted u Ibll;' u poBelble, when Uie glob« l« benueU- 
CBllf sealed. Tba foor arme oT the vane carry each a 
tlilD pith disk, black on one aide and while on the other. 
Wben dajllghc bll» npon It the vane revolrea rapidly. 
The moUoD csaeee aa BOOH aa the light la remoicd. 
When diflbient gasea are admitted into the globe, tbe 
rate or rolatloD Taries. It la now Itaonght that the nn- 
equal beattag of the black and white Biuikces or tbe 
dlska cansea a rsactlon of tbe gasea, and the fotce of ibli 
naetlou varlee In accoidutce will) the rapidltr or tbelr 
mOlecnlat vlbratlona. Bee p. ill. Fraab fUcla, ate 

* Becent ezpertaenti show that with artUclal b«it 

the molecular cooditloii of the inrtace varies radiation u 

well as reltectlan. In Ihct, while lead la aa good a radt- 

aCor aa lampblack.— On one fide of aaheet of paper puts 

lettere of Rold-leaf. Spread over the opposite aide a tMn 

coating of scarlet Iodide of mercnr?— a salt which taraa 

- jeLowontheapplicationotheat (See CB<nii«(ry, p. M.) 

I Turn tho scarlet aide down. Hold over the paper a red- 

I hot Iron. Tbe gold-leaf will reflect the heat, hut the paper 

I spacei between the letters wUl alisorh It, and on taming 

the paper over, the gUt lettera will be Knmd traced Ih 

scarlet ou a yellow background. Me p. sIL Fresh Facta. 
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4. THE 8TBAM-ENCUHK. 

Wben eteam rieea from water at a temperature of 213° it 
has an elastic force of 15 lbs. per square inch. If the steam 
be confined and the temperature raised, the elastic force will 
be rapidly increased. 

1. The Steam-enetne is a ma- 
cMne for using the elastic force of 
steam as a motive power. There are 
two classes, high-pressure and hw- 
pressure. In the former, the steam, 
after it has done its work, is forced 
out into the air; in the latter, it is 
condensed in a separate chamber by 
a spray of cold water.* The figure 
represents the piston and connecting 
pipes of an engine. The steam from 
the boiler passes through the pipe 
into the steam-chest, as indicated by 
the arrow. The sliding-valve worked 

by the rod A lets the steam into the cylinder, alternately 
above and below the piston, which is thus made to play 
up and down by the expansive force. 

Fia. 18*. 3. The GOTemor is an apparatus 

for regulating the supply of steam. AE 
is the axis around which the heavy balls 
E and D revolve. When the machine 
is going too fast the balls fly out and 
shut oS. a portion of the steam ; wheu 
too slowly, they fall back, and, opening 
the valve, let on the steam again. 

3. A High-pressure E^ngiiie is 






• Ab the fteam 


1» ct 


ndBDMd 


In Ihe low^) 


eestlre eogl 


e, svai 


DD 


a te termed 


behind Uia plBton: 


whi 


e the pi 






against (be 


prt 


■mmraoTthflBir. 


Th 


eUsllc force at tbe iU 






pel 


Bqiura tncb 


gn 


■uerlntbelMst 


ca»« 















HETEOBOLOOT. 197 

shown in Kg. 185. A represents the cylinder, B the steam- 
chest, O the throttle-valve in the pipe through which steam 
is admitted from the boiler, D the governor, E the band- 
wheel by which the governor is driven, P the pump, G the 
crank, I the conductor attached to a the cross-head, H the 
eccentric rod (A in Fig. 183) which works the sliding-valve 
in the steam-chest, K the governor-valve, S the shaft by 
which the power is conveyed to the machinery. The cross- 
head, a, shdes to and fro in a groove, and is fastened to the 
rod which works the piston in the cylinder A. The expan- 
sive force of the steam is thus communicated to a, thence 
to I, by which the crank is turned. The heavy fly-wheel 
renders the motion uniform (p. 78). 

5. METEOBOLOGT. 

1. General Principles. — (1.) The air always contjdns 
moisture. The amount it can receive depends upon the 
temperature ; warm air absorbing moro, and cold air less. 
At 75°, a cubic yard of air can hold over half an ounce of 
water; a reduction of 27° will cause half that quantity to 
be deposited. When the air at any temperature contains all 
the vapor it can hold, it is said to be saturated ; anyfali of 
temperature will then condense apart of the vapor. 

(2.) When air expands against pressure (t. c., doing work 
in the expansion) its sensible heat becomes latent, and 
there is a fall of its temperature. The warm air from the 
earth ascending into the upper regions, is thus rarefied and 
cooled. Its vapor is then condensed into clouds, and often 
falls as rain. Owing to this expansion of the atmosphere 
and the greater radiation of heat in the dry air of the upper 
regions, there is a gradual diminution of the temperature 
as the altitude increases, the mean rate in the north tem- 
perate zone being about 1° for 300 feet. 

2, Dew.* — The grass at night, becoming cooled by radi- 

* Dew was anciently thought to posset's wonderM properties. Baths in this 
precioDB liquid were said greatly to conduce to beauty. It was collected for this 
poipose, and for the use of the alchemists in their weird experiments, by spreading 
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ation, condenses npon its surface the yapor of the air. Dew 
will gather most freely upon the best radiators, as they will 
the soonest become cool. Thus gross, leaves, etc., which 
need the most, get the most. It will not form on windy 
nights, because the air is constantly changing and does not 
become cool enough to deposit its moisture. In troj^cal 
regions the nocturnal radiation is often so great as to form 
ice. In Bengal, water is expo^pd for this purpose in shallow 
earthen dishes resting on rice straw. The most dew collects 
on a clear, cloudless night. In Chili, Arabia, etc., by its 
abundance, it supplies the place of rain. When the tem- 
perature of plants falls below 32°, the vapor is frozen upon 
them directly, and is called white or Jioar-frosL 

3. Fogs are formed when the temperature of the air falls 
below the dew-point, u e., the temperature at which dew is 
deposited. They are characteristic of low lands, rivers, etc., 
where the air is saturated with moisture. 

4:, CloTids differ from fogs only in their elevation in the 
atmosphere. They are formed when a warm, humid wind 
penetrates a cold air, or a cold wind a wai-m, humid air. 
Clouds are constantly falling by their weight, but as they 
melt in the wartn air below, by condensation they increase 
above. 

The mmbus cloud is a dark-colored cloud from which rain 
is falling. 

The stratus cloud is composed of broad, widely-extended 
cloud-belts, sometimes spread over the whole sky. It is the 
lowest cloud, and often rests on the earth, where it forms a 
fog. It is the night-cloud. 

The cumulus cloud is made up of large cloud-masses look- 
ing like snow-capped mountains piled up along the horizon. 
It forms the summits of pillars of vapor, which, streaming 
up from the earth, are condensed in the upper air. It is 

fleeces of wool npon the ground. Lanrens, a philosopher of the middle ages, claimed 
that dew is ethereal, so that if we should fill a lark^s egg with it and lay it out in tho 
sun, immediately on the rising of that Inminary, the egg would fly off into the air I 
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the day-olond. Wbea of email size and seen near mid-day, 
it is a Bign of ^r weather. 

The dmu (carl) cloud consista of light, fleecy cloada 
floating high in air. It is compoBed of spicnlfe of ice or 
fiaikes of anew. 

Pra. IBS. 



The cirro-^Mmulus is formed by email rounded portions 
of cirrus cloud, having a clear sky hetveen. Sailora call 
this a "mackerel sky." It accompanies warm, dry weather. 

The cirrostraius is produced when tho cirrus cloud 
spreads into long, Blender strata. It f orebodos Etorms. 

The cumulo-sfraiuB presents the peculiar form called 
" thunder-head." It is caused by a blending of the cnmolua 
with the stratus, and is a precursor of Uinnder-stormB. 

6. Bain is Tapor condensed by the sodden cooling of the 
air in the npper regions. At a low temperature the Tapor is 
frozen directly into smtw. This may melt before it reaches 
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Uie earth, and fall as run. A sadden draught of cold air 
into a heated ball-room has prodnced a miniature snow- 
storm. The wonderful variety and beaaly at snow-dyst^ 
are illastrat«d in the figore. 



6. Winde are produced by Tariationg in the temperature 
of the lur. Th^ atmoBphere at some point is expanded, 
rises, and colder air flows in to supply its place. This pro- 
duces currents. The land and sea freezes of tropical islands 
are caused by the unequal specific heat of land and water. 
During the day the land becomes more highly heated than 
the water, and hence toward evening a sea-breeze sets io 
from the ocean. At night the land coola faster than the 
water, and so toward morning a land-breeze seta out from 
the land. 

Trade-winds are so named because by their regnlarity they 
favor commerce. A vessel on the Atlantic Ocean will some- 
times, without shifting a sail, set steadily before this wind 
from Cape Verde to the American coast. The air about 
the equator is highly heated, and, rising to the uppra 
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regions, flows ofl! north and south. The cold air near the 
poles sets toward the equator to fill its place. If the earth 
were at rest this would make an upper warm current flowing 
from the equator, and a lower cold current flowing toward it. 
As the earth is revolying on its axis from west to east, the 
under current starting from the poles is constantly coming 
to a part moving faster than itself. It therefore lags behind. 
When it reaches the north equatorial regions it lags so much 
that it becomes a current from the northeast, and in the 
south equatorial regions a current from the southeast. ^ 

V. Ocean Currents are produced in a similar manner. 
The water heated by the yertical sun of the tropics rises and 
flows toward the poles. The Gulf Stream, which issues from 
the Gulf of Mexico, carries the heat of the Caribbean Sea 
across the Northern Atlantic to the shores of Scotland and 
Norway. This tropical river flowing steadily through the 
cold water of the ocean, rescues England from the snows of 
Labrador. Should it by any chance break through the 
Isthmus of Panama, Great Britain would be condemned to 
arctic glaciers. (See p. xii. Fresh Facts and Theories.) 

8. Adaptations of "Water. — The great specific heat of 
water exercises a marked influence on climate. Warm 
winds sweeping northward meet the colder air of the tem- 
perate regions and deposit their moisture. The latent heat 
which the vapor absorbed in the sunny South is set free, to 
temper the severity of our snowy climate. Thus, aerial and 
oceanic currents constitute a water circulation which is a 
natural steam-apparatus on the grandest scale, having a 
boiler at the equator and steam-pipes running over the 
globe. Water also tends to prevent sudden changes of 
weather. In the summer it absorbs vast quantities of heat, 
which it gives off in the fall to moderate the approach of 
winter. In the spring the melting ice and snow drink in 
the warmth of the sunbeam, which else might prematurely 
coax forth the tender buds. Since so much heat is required 
to melt the ice and snow, they dissolve very slowly, and thus 
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ward off the disastrous floods which would follow^ if they 
passed qnickly into the liquid state. 

Water contains air, which is necessary for the support of 
fish. Just here occurs one of those happy coincidences 
which frequently startle the reverent searcher in Nature. 
Were water deprived of air, it would be liable to explode at 
any moment when it happened to be heated above 212°. 
Every stove-boiler would need a thermometer. A tea-kettle 
would require as careful watching as a steam-engine, and 
our kitchens would witness frequent and perhaps disastrous 
explosions. 

Water, like other liquids, expands with heat, and con- 
tracts, on cooling, down to 39° F.* Then it slowly expands 
until it reaches 32° F., when it freezes, f The bursting of 
water-pipes and pails is a familiar example of this excep- 
tion. Under the operation of the general law, the water at 
the surface radiating its heat and becoming chilled, would 
contract and fall to the bottom, while the warm water below 
would rise to the top. This process would continue until 
the freezing-point was reached, when the whole mass would 
solidify into ice. Our lakes and rivers would freeze solid 
every winter. This would be fatal to the fish. In the 
spring, the ice would not, as now, buoyant and light, float 
and melt in the direct sunbeam, but, Ijring at the bottom, 
would be protected by the non-conducting water above. 
The longest summer would not be sufficient to thaw the 
deeper bodies of water. An exception prevents these calam- 



* Since ice when it melts contracts, pressure aids in liqneflKtion and so lowers 
the melting-point (p. 190). A glacier descending a mountain melts at every place 
where there is pressure and feezes again when the obstacle is passed. Bits of ice 
when squeezed Areeze together. This property is called regetaHon. In the winter, 
snow is packed into ice by loaded wagons. 

t Fit a small flask with a cork, through which passes an upright glass tube. Fill 
with colored water. Apply heat to the flask until the liquid runs over the top of tiie 
tube. This shows the expansion by heat Now apply a freezing mixture to 
the flask, and at first the liquid in the tube falls, but soon begins to rise. When it 
mns over as before, apply heat and it shrinks back again. Thus cold wiU expand 
and heat contract U. When water is at its maximum density (about 89°) expansion 
sets in alike, whether you heat or cool it. 
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itons consequences.* The cold water expanding and rising 
to the top protects the warm water beneath, while ice itself, 
being a non-conductor, preserves the temperature during 
the winter. 

Water,! in freezing, has a tendency to free itself from 
impurities. Thus, melting ice furnishes a means of obtain- 
ing fresh water in Arctic regions. If a barrel of yinegar 
freeze, we shall find the acid collected in a little mass at 
the centre of the ice. 

When the dew gathers at night sufficiently to form a 
coTcring upon the plants, being a non-conductor, it stops 
farther radiation of heat. Thus, by a nice provision, the 
effect of radiation checks the radiation itself, as soon as the 
wants of the thirsty vegetation are supplied. 

PRACTICAL QUESTIONS.— 1. Why will one's hand, on a fronty morning, freese 
to a metallic door-knob sooner than to one of porcelain ? S. Why does a piece of 
bread toasting carl np on the side exposed to the ^re f 8. Why do doable windows 
protect from the cold? 4. Why do iUrnace-men wear flannel shirts In summer to 
keep cool, and in winter to keep warm? 5. Why do we blow oar hands to make 
them warm, and oar soap to make it cool ? 6. Why does snow protect the grass in 
winter r 7. Why does water *' boil away *^ more rapidly on some days than on others f 
8L What causes the crackling sound of a stoTo when a fire is lighted ? 9. Why is the 
tone of a piano higher in a cold room than in a warm one ? 10. Ought an In k stand 
to haTe a laige or a small mouth ? 11. Why is there a space left between the ends 
of the rails on a railroad track? 12. Why is a person liable to take cold when his 
dotbes are damp? 18. What la the theory of corn-popping ? 14. Could Tacnum- 
pans be employed in cooking? 15. Why does the air feel so chilly in the spring, 
when snow and Ice are melting ? 16. Why, In fi-eezing ice-cream, do we put the ice 
in a wooden vessel and the cream in a tin one ? 17. Why does the temperature 
generally moderate when snow lUls ? 18. What causes the singing of a tea-kettle? 
Ans. The escaping steam is thrown into yibration by the shape of the spout. 19. 
Why does sprinkling a floor with water cool the air ? 90. How low a degree of tem- 



* Oertain metals— iron, bismuth, etc— are also exceptions to the general law. 
ThiB fkct adapts them for castings. Who shall say these are not all thoughtfhl pro- 
▼Isions for our wants ? 

t Water distills from the ocean and land as vapor, at one time cooling and 
refl^shing the air, at another moderating its wintry rigor. It condenses into clouds, 
which shield the earth from the direct rays of the sun, and protect against excessive 
radiation. It falls as rain, cleansing the air and quickening vegetation with renewed 
Ul^ It descends as snow, and, like a coverlet, wraps the grass and tender buds in 
its protecting embrace. It babbles up in springs, invigorating us with cooling, 
healing draughts in the sickly heat of summer. It purifies our system, dissolves our 
food, and keeps our Joints supple. It flows to the ocean, fertilzing the soil, and 
floating the prodncto of Induatey and toil to the markets of the world. (See C^en^m 
M^,pp.66-«&> - 
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peimtore can be markad by • mercnrlal thermometer f 91. If the temperatme Is TO^F., 
whatiiitO.? tt. WlUdewform on an Iron bridffet On a plank walk? fll. Wliy 
will not com pop when yeiy dry f 94. When the interior of the earth is so hot, wbj 
do we get the coldest water from a deep well f 9S. Oogfat the bottom of a tearkettto 
to be polished r 90. Which boils the sooner, milk or water? 97. Is it economyto 
keep oar stoTSS highly polished f 98. If a thermometer be held in a nmnlng strnm, 
win it indicate the same temperature that it would in a pallfhl of the same witert 
99. Which makes the better *' holder," wooUen or cotton ? 80. Which will give oat 
the mure heat, a plain stove or one with ornamental designs t 81. Does dew ML1 
88. What causes the *^ sweating " of a pitcher f 88. Why is eraporation hastened in 
a yacanm ? 81 Does stirring the gronnd around plants aid in tbe deposition of 
dew ? 86. Why does the snow at the foot of a tree melt sooner than that in the 
open field ? 86. Why is the opening in a chimney made to decrease in size from 
bottom to top? 87. Will tea keep hot longer in a bright or a dol teapotf 88L 
What canses the snapping of wood when laid on the fire f Ans. The expansion of 
the air in the cells cf the wood. 89. Why Is one*s breath Tisible on a cold day? 
40. What gives the bhie color to air f Am. The opaque particles floating in it reflect 
the bine light of the sunbeam. 41. Why is light<olored clothing cooler In sommer 
and warmer in winter than dark f 48. How does the heat at two feet ftom the Are 
compare with that at four fbet ? 48. Why does the fhwt remain later in the moming 
upon some objects than upon others? 44. Is it economyto use green wood? 46. 
Why win a piece of metal dropped into a glass or porcelain dish of boiling water 
increase the ebullition f 47. Which can be ignited the more quickly with a homing- 
glass, black or white paper ? 48. Why does tbe air feel colder on a windy day? 49. 
In what did the miracle of Gideon*s fleece consist? 60. Could a burning-lens be 
made of ice ? 61. Why is an iceberg frequently enveloped by a fog ? 69. Would dew 
gather more f^reely on a rusty stove than on a bright kettle ? 68. Why \a a dear 
night generally colder than a cloudy one at the same season t 64. Why is no dew 
formed on cloudy nights? 56. Why will "fanning*' cool the ifeu»r 66. How sre 
safes made fire-proof? 67. Why can you heat water quicker in a tin than a chba 
cup? 58. Why win a woollen blanket keep ice f^om melting? 59. Does dew form 
under trees? 60. What is the principle of heating by steam? 09. What is the 
cause of " cloud-capped " mountains ? 68. Show how the glass In a hot-house acts 
as a trap to catch the sunbeam. 64, Does the heat of the sun come In through our 
windows? 65. Does the heat of our stoves pass out in the same way? 66. Is a 
heavy dew a sign of rain ? Ans. Yes ; because it shows that the moisture of the air 
is easily condensed. 67. Is a dusty boot hotter to the foot than a polished one ? 06. 
The top of a mountain is nearer the sun, why is it not warmer ? 09. What is hoaN 
firost ? Ans. Frozen dew. 70. Why will a slight covering protect plants fh>m frost ? 
Ans. Because it prevents radiation. 71. Why is there no frost on cloudy nights? 
Ans. The clouds act like a blanket, to prevent radiation and keep the earth warm. 
79. Can we find lh>st on the windows and on the stone-flagging the same morning ? 
78. Why will not snow '' pack" into balls except in mild weather ? 74. Why is the 
sheet of zinc under a stove so apt to become puckered? 75. Why does a mist 
gather in the receiver of the air-pump as the air becomes rarefled ? 70. Why an 
the tops of high mountains In the tropics ooveied with perpetoal aaowf 
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SUMMARY. 

Seat is prodnoed by longer and less refrangible waves and slower 
vibrations of ether than those which cause light. Both Imninoos and 
obscure heat may be radiated, reflected, refracted, absorbed, focused, 
and polarized in predsely the same manner as the light-force. In 
fact, light is only visible radiant heat. If we elevate the temperature 
of a body suffidently, we can change heat-rays into light-rays. A 
body which allows the radiant heat to pass through it easily is styled 
dktihermanous ; rock-salt is such a body, being to heat-rays what glass 
is to light-rays. The sun is the principal source of heat. But heat 
can be obtained by chemical and mechanical means. In burning coal 
we secure it by the former method. Mechanical force may be changed 
directly into heat, as in striking fire with flint and steel, and in ham- 
mering a bullet on an anvil until it is hot. According to Joule's law, 
772 feet fall of a weight corresponds to 1° of temperature in the same 
amount of water. (Beoent investigations by Joule and others indicate 
that 780 feet is nearer the exact truth.) 

Among the physical effects of heat are a change of temperature, 
expansion^ liquefaction, vaporization, and evaporation. The heat- 
force increases the vis moa of the molecules, thus elevating the tem- 
perature; and the increased vibration of the molecules causes an 
expanjdon of the body. The latter is so uniform that it is used to 
indicate changes of temperature, as in the thermometer. The* expan- 
sion of the metals by heat is turned to account in many art processes. 
The walls of a gallery in the Conservatoire des Arts et Metiers in 
Paris, had begun to bulge. To remedy this, iron rods were passed 
across the building and screwed into plates on the out-side of the walls. 
By heating the bars, they were expanded, when they were screwed 
up tightly. Being then allowed to cool they contracted, thus drawing 
the walls back toward a perpendicular. 

Heat is the great antagonist of cohesion. The liquid and gaseous 
states of bodies depend on its relative presence or absence (absolute 
cold is as yet only a theoretical condition, all bodies with which we 
are familiar containing heat). When the heat force nearly balances 
the cohesive, the body breaks down into a liquid, and when the repel 
lent fairly triumphs, the particles fly off as a gas. Immediately before 
and after each of these marked changes, viz. : of a solid to a liquid 
and of a liquid to a gas, the thermometer indicates the same temper- 
ature. Thus water from melting ice affects the thermometer just as 
the ice does, and steam is no hotter than the boiling water. The heat 
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whiehtin these piDc eo a cc , becomes hidden from the thermometer Is 
called latent, though we now know that, being occupied in doing 
internal work, it has merely taken the static form, and can be readily 
tamed again into the dynamic The so-called latent heat of water is 
only the potential heat-energy of the separated molecules, which will 
reappear the instant the molecules collapse and come once more within 
the grasp of cohesion. On this principle is based the method of heat- 
ing by steam. Eraporation is a slow vaporization that takes place at 
all temperatures, but may be greatly increased by a diminution of 
pressure, as in a yacuum. It is a cooling process, and is practically 
applied to the manufacture of ice. 

By the subtraction of heat, t. e., by cold, and by the addition of 
pressure, which antagonizes the repellent heat force, gases may be 
liquefied and even congealed, the transparent carbonic-add gas thus 
becoming a snowy solid. What were formerly called the " permanent 
gases" (oxygen, hydrogen, etc.), have recently (Dec., 1877) been lique- 
fied by means of the cold produced by their rarefaction (see p. IdT) 
when they were suddenly released from a pressure of two or three 
hundred atmospheres. 

Heat is conducted from molecule to molecule of a body, radiated in 
straight lines through air (or space), and circulated by the transfer- 
ence of heated masses through a change of specific gravity due to 
expansion. The first method is characteristic of solids, and the third 
of liquids and gases. The elastic force of steam increases when it is 
confined and a higher temperature is reached. The steam-engine 
utilizes this principle. There are two forms of this machine, the 
high-pI^essure and the low-pressure, according as the waste steam is 
ejected into the air or condensed in a separate chamber^ The phe- 
nomena of dew, rain, etc. depend upon the fact that a change from a 
higher to a lower temperature causes the air to deposit its moisture. 



HISTORICAL SKETCH. 

Democritus, the originator of the Atomic Theory, held that heat 
consists of minute spherical particles radiated rapidly enough to pen- 
etrate every substance. Until very recently heat and light were thus 
reckoned among the ImponderabJes, i. e,, matter which has no weight. 
Still, even in early times, some philosophers caught glimpses of a true 
theory. Aristotle considered heat more a condition than a substance. 
Bacon, in his Novum Organum, wrote : " Heat is a motion of expan- 
sion ; " and elsewhere, " Essential heat is motion and nothing elsa " 
Locke, half a century later, said : '' Heat is a very brisk agitation of 
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the insensible parts of an object, which prodaces in us the sensation 
from whence we denominate the object hot, so that what in our sen- 
sation is heat, in the object is motion." 

The material view, however, held its ground. At the beginning of 
the 18th century, Stahl elaborated a theory that a buoyant substance 
called phlogigton is the principle of heat, and that when a body bums, 
its phlogiston escapes as fire. In 1760, Dr. Black investigated and made 
known the principles of what he termed latent heat, •'. «., heat which 
becomes hidden when ice is turned into water or water into steam. 
Priestley discovered, in 1774, and Lavoisier afterward developed, the 
modem view of combustion. But the latter philosopher then advanced 
the theory that heat (caloric) is an actual substance, which passes freely 
ttooL one body to another and combines at pleasure. This caloric the- 
ory still holds its place in our older philosophies. Toward the dose of 
the 18th century, Benjamin Thompson, b^ter known as Count Rum- 
ford, a native of Wobum, Mass., but in the employ of the Elector of 
Bavaria, proved the convertibility of force. " He first took the sub- 
ject," as Prof. Toumans well remarks, " out of the domain of meta- 
phymcs, where it had been speculated upon since the time of Aristotle, 
and placed it on the true basis of physicail experiment." 

Rnmford was led to investigate the nature of heat from noticing, 
in the workshops at Munich, how hot the cannon became while boring. 
There seemed to be no limit to the amount of heat which could be 
produced, yet the cannon, the borer and the chips lost nothing, so far 
as he could detect. If heat were a fluid, as the odoric theory asserted, 
then there should be an end to the process, sooner or later. Rumford 
now began to get gleams of the truth of the vibratory theoiy. Taking 
a large piece of brass with a hollow at one end, he fitted to it a blunt 
steel borer, which pressed down npon the metal with a weight of 
lOjOOO lbs. This apparatus he placed in a box holding about 18} lbs. 
of water. The brass was then made to revolve by horse-power at the 
Tate of 32 times per minute. In the beginning the water in the box 
was at 60** F., but in two hours and a half it actually boiled. ** It 
would be difficult," wrote Rumford, "to describe the surprise and 
astonishment of the bystanders to see so large a quantity of water 
heated and actually made to boil without any fire.'' He naively adds 
that he was himself as delighted as a child, and forgot all the dignity 
becoming a philosopher. By this experiment he had proved that mo- 
tion can be turned into heat. His exx)eriment8, however, conclusive as 
they now seem to be, were, at the time, the subject of ridicule. Sir 
Humphrey Davy next began to see the truth, and, in 1799, melted two 
ineoes of ice by friction in a vacuuuL 

Soon the scientific world seemed to be ripe for this discovery, and 
ft i^ypeaiB to have sprang up spontaneously in men's thoughts every- 
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wh«re. Majer, a phyridan of Qennany, and Qjove, of TCn glaw^ , 
prored the mutual relation of the forces, the latter first nsiiig the term 
" Correlatkni of Forces/* since changed to Consenration of Eneigr. 
Joule discovered the law of the "Mechanical Eqaiyalent of Heat," 
about IMS. In his famous experiments he nsed ponnd- weights made 
to fall through a measured distance. Cords were attached to them, so 
that, as they fell, they tamed a paddle-wheel placed in a box of water. 
Other liquids were osed instead of the water. The rise of temperetme 
in the liquids was carefully marked. The loss hy fiiction in the appa- 
ratus was estimated, and so, at last, the dynamical theory of heat was 
fully demonstrated. Names of philosophers well known to us, such as 
Henry, Helmholts, Fuaday, Thomson, Maxwell, Leoonte, Toumans, 
Stewart, and Tyndall, are associated with the final establishment of 
this theory. 

Consult, on this interesting subject, Taifs "Beoent Advances in 
Physical Science ; " Stewart's " Treatise on Heat ; " Tyndall's '* Heat a 
Mode of Motion ; " Maxwell's *' Theory of Heat ; " Thurston's " HJstoiy 
of the Growth of the Steam Engine;" Buckley's ** Short Histoiy 
of Natural Science ;" Smiles's "Lives of Boulton and Watt;" Yoa- 
mans's " Correlation of the Physical Forces ;" " Read and the Steam- 
Engine;" American Cyclopedia, Art. "Steam-Engine," Popular 
Sdence Monthly, Vol. XII, p. 616, Art. "Liqne&etion of Gases;" 
Loomis's "Meteorology," snd Maozy's "Physical Geography of the 
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" Thai power which, like a potent spirit, guides 
The sea-wide wanderers over distant tides. 
Inspiring confidence whcr^er they roam. 
By indicating still the pathway home j — 
Through nature, quickened by the solar beam 
Invests each atom with a force supreme. 
Directs the cavern* d crystal in its birth. 
And frames the mightiest mountains of the earth f 
Each leaf and flower by its strong law restrains. 
And binds the monarch Man within its mystic chains!* 

Hunt. 
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6. ANIMAL ELECTRICITY. 



ELECTRICITY. 

Electrical energy maaifeste itself in several different 
forms. Magnetic, Frictional, Voltaic, Thermal and Animal 
Electricity. These are intimately connected ; their laws are 
strildiigly related ; they produce many effects in common ; 
and one can give rise to another. 

t ItiXWEnC ELECTBICTrT. 

1. Magnets.* — ^A natural magnet is an ore of iron 
(Fe,0„ Chemistry, p. 154), generally knovn as the load- 
stone (Sajcon, laedan, to lead). The artificial ■magnet ia a 
magnetized steel bar ; if straight, it 
is called a bar magnet ; if U-shaped °" "" 
a horseshoe magnet. A piece of 
soft iron, the armature, is placed 
on the end. 

If we insert a magnet in iron- 
filings, they will cling chiefly to its 
ends termed the poles. The 
magnetic force will he 
exerted even through 
an intervening body. 
Lay a sheet of paper 
on a magnet and 
sprinkle iron-filinga 
upon it. Gently tap 
the paper and theye 
will collect in euri- B 
ous lines, the maffS 
netic curves, radiat- 
ing from the poles. 

If a email bar nu^et be sospended bo as to swing freely in 
>t Iron posoeesing thii propnly 
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ft horizontftl plane, one pole will point toward the nortli and 

the other toward the 

*»■»■ sonth. The north 

the magnet 

I the positive 

id the sonth 

he negative 

A magnet 

)ised cousti- 

I a magnetic 

needle. If 

we hold a 

magnet 

near a 

magnetic needle, we shall find that the south pole <^ one 

attracts the north pole, and repels the sonth pole of the 

other* This 

proves the law — ftn. mo. 

*' JAke poUs re- 
pel, and unlike 
^lea attraci." J^ 

%. Induotionis 
the power a magnet 
pOBsesses to develop 
magnetism in iron. 
If a piece of soft 
iron be broaght 
near a magnet, it 

* Kiperimaita. 1. Rob the polot of ■ ■ewlsg-^iMdls acrae* tba nocOi pole of ■ 
■n^net. Bring tlie point Dear Ibe soatb pole of tha ma^etlc Deedla. The nMdk 
will be repelled, ebowlng IhU Ihe polnl of the uwliiit-Deailehu become \ eoDth pole. 
I. Siupend a ke; from the north pole of a mo^ct. Bring the aoath pole of mi eqad 
magnet cloee lo the opper end of the key. Tbe ke; will inslanll; lUL 8. Bnapend ■ 
long Ima-wlre from tbe north pole of ■ magnet. Brintc Ibe north pole oT tbe aaeaod 
magnet near tbe lower end of the wire. Tbe wtre i* repelled, becaoM Ite h»nt 
extremis poe«euea north polarity. 4. Immerse tbe unlike polet of two augneta In 
Iron-llUngB. Bring Ihe two poles near each other. The llllngs will move toward one 
another. Bnt If tbe poles of the nugneta are Uks, tbe Slings will <U1 off Uh 
magnet*. B. To ascertain vf belber a metallic sobstuce coDlalna Iron ; Bring Ihe 
lear one of tbe eitremltiM of ■ magnetic needle. If the po^tbn of lb* 
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immediately assumes the magnetic state, bnt loses it on 
being removed. In steel the change is pennanent The 
end of the bar next to the south pole of the magnet becomes 
the north pole of the new magnet, and vice versa. When 

opposite states are thus 
Bto- iw- .. developed in the oppo- 

site ends of a body, it 
is said to be polarized. 
Whenever an object is 
attracted by a magnet, 
it is supposed first to 
be made a magnet (polarized) by induction, and then 
the attraction consists in that of unlike poles for 
each other. Thus we may suspend from a magnet a 
chain of rings held together by magnetic attraction.* 
Each link is a magnet with its north and south poles. Each 
particle of the tuft of filings in Fig. 188 is a distinct mag- 
net. By inducing magnetism a magnet does not lose force. 
It rather gains by the reflex influence of the new magnet. 
An armature acts in this manner to strengthen a magnet. 
If we break a magnet, the smallest fragment will have a 
north and a south pole. This is explained by supposing 
that eveiy molecule contains two kinds of magnetism 
which neutralize each other. When magnetized they are 
separated, but do not leave the molecule which is thus 
polarized, the halves assuming opposite magnetic states, as 
shown in Fig. 192. The 

light half of each little cir- ,^^^,^.^,,^'^^^^,,,.,^,„ 
cle represents the positive, J r KKKI8M^888{I8888888M ^ 
and the dark the negative 

side. All the molecules exert their negative force in one 
direction, and their positive in the other. The forces thus 
neutralize each other at the centre, but manifest themselves 
at the ends of the magnet. 

needle be aifected, then the snbstance almoet certainly contains iron. A piece of 
copper win not affect the magnaetlc needle. 

* Bepeat this experiment with keyB, or nails of different sizes, or hits of wire of 
Tvyiiig length. 
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Bow to make a Magnet— Place tlie iadaciBg 
lis shown in Fig. 193, on the aumagnetized one 
(which any blacksmith can make from a 
tn,t». bar of steel), and draw it from one end 

jll to the other several times, always carry- 

II ing it back through the air to the start- 

1 ing-point.* 



4. The Compass is a magnetic needle 
used by mariners, surveyors, etc. It is 
delicately poised over a card on which the 
" points of the compass " are marked. At most places the 



needle does not point directly N. and S. The "line of no 
varialion" in the United States passes (1885) near Geoi^e- 

* A needle moj be magDclized b; laying It scrOM th« poles of > hane^hoa mag- 
net After tenulnlng ■ time the end In conUct with the north pole of tlM magnet 
will become ■ Mmlh pole and the other a north pole. U il be en«pended from ihe 
jouaie by ■ ihreaa \i will point north »iKl sonth. A knife-blade miy be maKneOzed 
ny rnbblng u Beyeral Umeg, In the same direction, acioee one ot ibe polea of the 
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town, 9. C, Zanesville, O., and Detroit, Mich. East of this, 
the variation (declination) is toward the west, and west of it 
tlie declinatiou is toward the east.* 



6. Polarity of the ITeedle. — Why the Needle points 
NoBTH AND South. — The earth is a great magnet. This 
gives direction to the needle. Variations which are con- 
stantly taking place in 

the terrestrial magnetism '^' "* ^" ™ 

produce corresponding 
changes in the needle. 
Suppose a m^nct N3 
passing throngh the cen- 
tre of a small globe. 
The needle sn will hang 
parallel to it (Fig. 195), 
its noriih pole being at- 
tracted by the south pole 
of the magnet, and vice 
versa. If the globe be revolved (Pig. 196), the north pole of 
the needle will turn — dip, as it is termed — 
Pia.w7. downward. If the globe be revolved in 

the other direction, the south pole of the 
needle will dip in the same manner.f 

A DIPPING-NEEDLE is poiscd OB shown 

in Fig. 197. At the magnetic equator it 
hangs horizontally, but declines when 
carried north, until, at a point ciilled 





• Tte declin»lion aad dip bive daUy tod yearly TaristiODB, is well u those whi 
require centuries to complete. The needle is, however, " trae lo the pole," alUioii, 
U dilf Ca thOB erery boor in the day. It does so only In obedience lo the l&wa whi 
control its scUon. 

t StniilK phenomena are noticed hi Ihe compies. At the nwgneUc eqtator It 
horlEonttl, hot dipj whenever taken north or sonth. An nnmBgneazed needle, 
polKd. m onr Utltndo, on being maenetLied, aeltlee down, as if the north end w( 
the heavier. Thie iB remedied by mating the north end of the needle tigbler a 
■Iw by BDspendlng a little wei^t upon the mhiiIi end. The reverse is true la t 
■onihem bemiaphers. 
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the North magnetio pole, on Boothia PeiiinBala» it becomes 
vertical.* 

6. Magnetism of the Eaxth. — ^All iron bars standing 
vertically (in this latitude not far from the line of the dip) 
possess slight magnetic properties. Iron fences, lightning- 
rods, iron standards of chairs and desks, pokers, tongs, 
crow-bars, etc., on being tested by the magnetic needle, will 
be fonnd to possess north polarity in the end next the 
ground, and south polarity in the other. 



IL FBEOITONAL ELBCn'lUClTX. 

This is electricity developed by friction. Ex. : One's hair 
often crackles under a gutta-percha comb. A cat's back, 
when rubbed in a dark room, emits sparks, f 

1. The Electroscope is an instrument for detecting 
the presence of electricity. Bend a glass tube, and suspend 
from it by silk threads a couple of elder-pith balls, as 
shown in Fig. 199; or put an egg in a wine-glass, and 
balance on the egg a dry lath. Two strips of gold-leaf, 

• The magnetic pole ia now neaily in the longitade of Omaha. In New Tork 
ell7« the dip of the magnetic needle is 7S" IV (1884) ; and the declination is 8" west 
The former is decreasing annnally 1'.9 ; and the latter is increasing annnaUy VA 
At Washington, the declination was a maximmn east in 1798, whereas the dip wae t 
mazimnm in 1860. £sch ptace has its own magnetic history. 

t In cold, frosty weather, a person, by shuffling abont in his stocUng-feet upon 
the carpet, can deyelop so much electricity in his body that he can ignite a Jet of gss 
by simply applying his finger to it— Blasts in mines intended to be fired by elec- 
tricity have Uins been prematnrely discharged by the workmen touching the wiret. 
To prevent this disastrous effect, at the Satro Tonnel, Nevada City, the workmen 
who are handling erploders wet their boots, stand on an iron plate to condoct off tho 
electricity of the body,and wear rubber glorei. 
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hung in a glasB jar (Fig. 200), 
form a test so sensitiTe, that a 
slight flap of a silk handkeidiief 
against the coyer will cause the 
leaves to diyeige. 

2« Two Kinds of Eleo- 
'tridty. — ^If a warm, diy glass 
tube (a lamp-chimney will an- 
swer) be robbed with a silk 
handkerchief, a crackling sound 
will be heard. If the tube be held near the face, we shall 
experience a sensation like that of a cobweb. The tnbe will 
attract bits of ]pafeT, straw, feathers, etc^ Present it to 




• Tlie MtowiDg aimple egpwimante are ingtnictHe ; 1. AraMiereanbpMnda 
fcw times fhiaogh the hair will flmiah caoogh deetridty to tnm the lath endie^ 
aioond, and eaiiitjeggahdl8.p^er hoope,etei,winiblknr the eoanb offer tlie table 
In llie llveiieativaj. t. Tike a thin abeet of gotta-peicfaa, aboat a iboC aqoaie ; laj 
itnponlbetaUe,andrabiihri8l4fafewtimeBwithanoldflireair: the gnttaiMreba 
win heeome powerftdly ekctrified. S. lift the gvtta-percba by one corner, and tome 
fDioe wm be leqpiied to aepaiate It ftom the tiUe. 4. Hold the dectrifled gvtts- 
perduk In the left hand; bring the flngen of the r^giit near the p^er; it win be 
attracted to the liand, and eparkB wiD paaa to tlie flngen with a anapplng aoimd. 
B. Hold 8omefBatherB,8a8iwDded 17 a Bilk thread, near the ezdtedgntta-percba and 
tlie feathen will be attracted. 8. Hold the excited p^er, or the ezdted eheet of 
gotta^perdia, orer the head of a person with dry hair; the hair win be attracted bj 
the gntta-perdia, and eadi partirnlar hair win atuid on end. 7. Hold the ezciftad 
gntta'perdia near the watt ; the gntte'pereha wfll lij to it, and remain aome mimitea 
without IklliQg. & Place a aheeiof gntta-perclia cm a tea-tray ; rab the jnitta-perchft 
hriaUy with a ftir cnJF; place the tea4iay with the excited elieet of gntta-percba on a 
dzy tnmbler ; Uft off the gnttappercba from the teartray : bring the knuckle of your 
hand near the tny, and yon wfll recelTO a spark. Replace the gntta-percha on the 
tny and apply your knocUe, and yon wfll receire another spark. This may be 
repeated a dosentimea. 0. Tike a elieet of Ibolacap paper and a board aboat the 
aamealjBe. Heat both tfll they are thorooghly dry. While hot, lay the paper on the 
board and rub the former briskly with a piece of rabber. The paper and board wfll 
cllttg together. Tear the paper loose and try experiments 4, 5, 6 and 7. Retnm the 
paper and rab as before. Cot the paper so as to form a tasseL Then lift, and the 
Btripa of the tassel wffl repel one another. 13l Take a piece of common brown paper, 
about the sixe of an octaTO book, hold it before the lire tin quite dry and hot, then 
dimw It briskly under the arm scTeral times, so aa to rab it on both sides at once by 
the coat. The paper win be found so powerfolly eketrical, that if placed against a 
wainscoted or papered wafl of a room, it wiU remain there for some minutes without 
ftdling. 11. While the paper stin cUngs to the waU hold against it a light, fleecy 
feather and It win be attracted to the paper, in the same way the paper Ib to the walL 
18. Hthe paper be warmed, drawn under the arm aa before, and then hung up by a 
thread attached to one corner, it wiU sustain seyeral feathers on each side ; should 
theae fen off from different sides at the same time, they wiU cUng togetlicr y/mj 

10 
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the pith-balls in the electroscope. They will be attracted 
for an instant, and will then fly from the tube and from 
each other, apparently in disgust. Electrify a stick of seal- 
ing-wax and present it to the balls. They will act in the 

same manner. U we touch 
one ball with the excited glass, 
and the other with the ex- 
cited wax, they will not, as 
before, fly from each other, but 
will rush together. Present 
the glass to a ball ; it will fly 
oflf when electrified. Present 
the glass again, and it will 5e 
repelled. Substitute the wax, 
and it will be attracted. 
Offer now the glass^ and it 
will eagerly bound toward 
what it just before spumed. 




BtroiiKlj ; and if after a minute they are aU shaken off, they wUl fly to one another in 
a Bin^ilar manner. 18. Warm and excite the paper as before, and then lay on it a 
ball of elder-pith, abont the size of a pea ; the ball wiU immediately mn acroes the 
paper, and if a needle be pointed toward it, it will again ran to another part, and so 
on for a considerable time. 14. Snpport a pane of glass, weU dried and wanned, 
npon two books, one at each end, and place some bran underneath ; then nib the 
upper side of the glass with a silk handkerchief, or a piece of flannel, and the bran 
will dance up and down like the images in Fig. Tfflt. 15. Place a common tea-tray on 
a dry, clean tumbler. Then take a sheet of foolscap writing-paper (as in No. 9) and 
dry it careAilly until aU its hygrometric moisture is expelled. Holding one end of the 
sheet on a table with the finger and thumb, rub the paper with a large piece of india- 
rubber a dozen times vigorously from left to right, beginning at the top. Now take 
up tl^e sheet by two of the comers and bring it over the tray, and it will fall like a 
stone. This, as well as the apparatus in No. 8, forms a simple Elsetrophanis^ fit 
to perform many experiments ordinarily performed with that instrument. If the 
tip of a finger be held close to the bottom of the tray, a sensible shock will be felt. 
Next lay a needle on the tray with its point projecting outward, remove the paper, 
and, in the dark, a star sign of the negative electricity will be seen ; return the 
paper, and the positive brush will appear. Lay a dry, hot board, as in No. 9, on 
top of four tumblers. If a boy stand on the board he will be insulated, and on his 
holding the tray vertically, the paper will not fiilL Sparks may then be drawn 
from his body, and his hair will be electrified as described on p. 290. 16. Warm a 
lamp-chimney, rub it with a hot flannel, and then bring a downy feather near it. On 
the first moment of contact, the feather will adhere to the glass, but soon aft«r will 
fly rapidly away, and you may drive it about the room by holding the glass between 
it and the surronuding objects ; should it, however, come in contact with anything 
not under the influence of electricity, it will instantly fly back to the glass. 
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If the glass be held on one side of a ball and the wax on the 
other, it will fly between the two, carrying the electricity 
back and forth. Prom this we conclude that (1), there are 
two kinds of frictional as of magnetic electricity ; and (2), 
like electricities repel each other, and unlike attract. The 
electricity from the glass is termed yitreous or positive [+], 
and that from the wax, resinous or negative [ — ].* 

3. Theory of Electricity. — Of the nature of electricity 
we know little. The positive and negative forces, or fluids, 
as they are often styled, exist in every body in a state of 
equilibrium. When this is disturbed by friction, chemical 
action, etc., both are set free. We cannot develop one 
without the other. The opposite kinds manifest themselves 
at opposite parts of the surface, as in a magnet ; it is there- 
fore a polar force. The slightest cause disturbs the electric 
equilibrium, " In cutting a slice of meat, there may pass 
between the steel knife and the silver fork enough elec- 
tricity to move the needle of a telegraph." Yet the delicate 
balance of the opposing forces is so soon readjusted that we 
are unconscious of the change. 

4. Conductors-and Insulators. — A body which allows 
the electric force to pass through it freely is termed a con- 
ductor ; one which does not, is called a non-conductor, or 
insulator. Copper is one of the best conductors, and hence 
it is used in all electrical experiments. Glass is one of the 
best insulators. A body is said to be insulated when it is 
supported by some non-conducting substance, usually glass. 
Electricity can be collected only by insulation. In damp 
air electricity is quickly dissipated. This, according to the 
recent experiments of Wm. Thomson, is due to the deposit, 
on the glass insulators, of a thin fllm of moisture, which 

* In the following list, each enbetance becomes posltiyely electrified when mbbed 
with the body following it ; bat negatively, with the one preceding it. (Ganoi.) 

1. Cat^sfar. 5. Cotton. 9. Shellac. 13. Caontchonc. 

2. Flannel. 6. Silk 10. Kcsin. 14. Gutta-percha. 

3. Ivory. 7. The band. 11. The metals. 15. Gon-cotton 

4. Glass. 8. Wood. 12. Snlphnr. 



SSO XLiciBionT. 

oondncts awaj the electricity. Contrary to the common 
atatement, there u no differma belioeen dry and damp air 
M an inaulaior,* 

S. The Meotrioal Machine consieta (1) of a glass 
wheel tnmed by a crank ; (2) of a pair of rubbers covered 
with leather and spread irith an umalgftTn (a mixtore of tin, 
zinc, and mercory) which hastens the development of elec- 
tricity ; (3) of a eomi or fork with fine points, since pointed 



tiodieB always favor the reception or dispersion of electricity ; 
(*) of a prime conductor — a brass cylinder insnlated by a 
glass standard so that the electricity cannot pass to the 
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gronnd^ and rounded at the ends so that it may not escape 
too rapidly into the atmosphere. 

At the commencement; the whole apparatus is in a state 
of equilibrium. By friction, positive electricity is devel- 
oped on the glass^ and negative on the rubber. The neg- 
ative escapes along the chain to the ground — ^the common 
reservoir. The positive, kept on the glass by the silk flaps, 
is carried around to the points. Here it polarizes the prime 
conductor, u e., repels its positive electricity to the far end 
and attracts its negative electricity to the points ; the two 
forces, clashing together, form tiny sparks and are neutral- 
ized.* The positive electricity naturally present in the prime 
conductor is thus left insulated, and the prime conductor 
is said to be charged with positive electricity. If the neg- 
ative conductor be insulated, the rubber will soon become 
charged with negative electricity, and the action of the 
machine will nearly cease. 

HoLTz's Electrical Machine is shown in Fig. 202. AB 
are two plate-glass wheels, the former fixed and the latter 
made to revolve by turning the handle. In A are two 
openings or windows. Near these are glued two pieces of 
varnished paper or arnuxtures, ff, each of which has a 
point projecting through the window. Opposite the arma- 
tures, and on the other side of the revolving wheel, are 
two rows of brass points, PF. Connected with these are 
insulated conductors terminating in the movable knobs mn, 
the poles of the machine. 

In starting, the {>oles are placed in contact, and one of the 
armatures is electrified by holding against it a piece of 
excited rubber or attaching it by a wire to the conductor 
of an ordinary electrical machine. On then separating the 
poles, a brilliant discharge of electricity occurs. The usual 

* If the robber be freshly spread with amalgam, and the glass well nibbed with 
warm flannel, a sharp crackling noise will be heard, flashes will follow the wheel, 
while sparks can be obtained from the prime condactor at a distance of several 
inches. The pith-ball electroscope, when charged and repelled bj the prime con- 
dnctor, will be quickly attracted by the robber, thus Indicating their opposite eleo- 
tridtiea. 
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explanation ia as follova: "The two annatnres are elec- 
trified, one positively and the other negatively. The pos- 
itive armatare (eay/') is opposite to that conductor which 
gives off positive electricity ttom its knob m, and the pos- 
itive 'which escapes from the knob is replaced by positive 
which is drawn off by the points from the face of the 
revolving plate, an action which is favored by the inductive 



influence of the positively-charged armatare, whether we 
regard it as repelling positive from the plate to the brass 
points, or aa attracting negative from the condactor througli 
the brass points. The plate, having thaa given off pos- 
itive or received negative electricity, is carried round throug li 
half a revolution, and gives off negative to the other con- 
ductor through its braes points, aided by the inflnence of 
the negatively-charged armature at the bacic" 
6. Induction.* — The inflnence of an electrified body 

• Tbe eiperlmonta in Fig. iwa can be nieelj perTormed by meatm of au egg placed 
OctwlBe on (be top of a dry wipe-glaee and tbe elass tnbe Dsed on p. 117. Several eggi 
and gUues will ilunr tbs piindple of Fig. 301 See Tyndall'i LeasoDi on Eke- 
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over otlier bodies near it is termed electrical induction. Thus, 

let an insulated conduc- 
^'^- ^^- tor be placed near the end 

O of the prime conductor 
of an electrical machine. 
On charging the prime 
conductor the motion of 
the pith-balls shows that 
the small conductor has 
also become charged, the 
end next the positive 
prime conductor being 
negative, and the other 
end positive. As oppo- 
site electricities are thus 
developed at the opposite 
extremities of the conductor, it is polarized. Place several 
conductors, as shown in Fig. 204, connecting the copper 

Fig. 204. 





ball at the right with the positive pole, and the one at the 
left with the negative pole of the electrical machine. The 
conductors will be charged and polarized by induction. 

Faraday's theory of induction assumes (1) that the 
electricity acts between the different molecules of a body, 
as between the different conductors in the last experiment — 
that each molecule becomes polarized, and in turn polar- 
izes its neighbors, and that thus at last every molecule has 
opposite electricities on its opposite sides; (2) that the 
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molecules of non-conductors become polanzed and retain 
their electricities, while the molecules of conductora become 
polarized and discharge their electricities into the adjacent 
molecnJes. The poaitive force thuB accomulates at one end, 
and the negative at the other. Let P (Fig. 305) represent 
the end of the positive conductor and H that of 
the small conductor in Fig. 203 ; and let the ^ ^ 
small circles represent molecules of air lying be- ^^ 
tween the two— the lighter half indicating the ^r 
positive and the darker half the negative side, d 9 9 
The molecules of air being non-condncttng, on O e 
being polarized from the influence of P, the prime O 9 
conductor, retain their electricities, but polarize O S 9 
one another in suocession until N is reached. / — s 
This being a con- \^ 
^^- ■*■ ducting body, its mol- 

ecules impart; their electricity 
from one to the other, until the 
negative electricity collecta at 
one end and the positive at the 
other. 

7. Attraction and Repul- 
sion. — Every case of attraction 
or repulsion is preceded by in- 
duction. Ek.: "The eledrie 
chime" consists of three bells, 
two of which, c and b, are hung by brass chains, while the 
middle one is insulated above by a silk cord, and connected 
below with the earth by a chain. The balls between them 
are also insulated. The outer bells becoming charged with 
positive electricity from the prime conductor, polarize the 
balls by induction through the intervening air. Tho balls 
being then attracted to the bella, are charged and imme- 
diately repelled. Swinging away, they strike against the 
middle hell, discharging their electricity, and are forthwith 
attracted again. Flying to and fro, they ring out a merry, 
electrical song. 
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The dancing image coneiBts of a pith-ball figure placed 
between two metallic plates, the 
npper one hanging from the prime 
conductor, and the lower one con- 
nected with the earth. The dance 
is conducted by alternate attrac- 
tion and repulaioD.* 

8. Tha Leyden Jarf consists 
o( a glass jar coated inside and 
ontside, nearly to the top, with 
tinfoil. It is fitted with a cover of 
baked wood, through which passes 
a wire with a knob at the top, and 

below, a chain extending to the inner coating. The jar is 

charged by bringing the knob near 

Fio. we. j.jjg prime conductor of the elec- 

rtrical machine, while the outer 
coating communicates with the 
earth. Bright sparks will leap to 
the inner coating, while similar 
ones will pass off from the outer 
coating. The jar is discharged by 
holding one knob of the "dis- 
charger" E, upon the enter coat- 
ing, and the other upon the knob 
of the jar. The equilibrium will 
be restored with a sharp snap and a brilliant fiash. Minnte 



* A Blow moUon ehontd be f^fen (o Ibe electrical wbeel. nod a piD thrust IdIo (he 
hed of the Image will add much to the atamp af the tin; teel. 

t It lieaidUiBtCansDe. Bpnpll St Leyden.diicovered the principle of the Lerden 
]Br in the foUoTlng cnrione traj : While ciperimentinE. he held n bollle of water to 
ihe prima condneior of his electrical -machLne, Notklne nothing peculiar, he at- 
lempted lo invcBli^te it« conditloD. Holding the bottla with one hand, he happeasd 
to loncli the water with the other, when he recfived a shock bo nneipected, and eo 
nnlUie anything he had ever felt befbre, that he wag Oiled with astonishment. It waa 
two da; s before be recorered trom hie nitcht. A few da;B attemard. in a letter to a 
Mead, the phrslclst innocentlr lemariied, that he woold not take aoothei elioek foe 
Iha wbole khiedom of Franca. 
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particles detached from the solid conductors bum, giving 
color and brilliancy to the spark.* 

Bxplanation. — The essentials of the jar arc I wo conduct- 
ing surfaces separated by a non-conducting body. The tin- 
foil acts only as a conductor to convey the electricity, f The 
jar is charged on the same principle as the prime conductor 

of the electrical machine. The positiye 
Fio. 200. prime conductor draws out the negatiyo 

electricity of the inner coating, leaving 
it charged with positive. The molecules 
of glass are polarized (Fig. 209). A like 
. quantity of positive electricity then escapes 
from the outer coating. If the jar be in- 
sulated so that this is unable to leave, the 
passage of the sparks will cease. If a finger 
be held near the outer coating, a spark will 
leap to it every time one enters the jar. The jar, therefore, 
when charged, contains no more electricity than in its natural 
state. It is only differently distributed. 

9. Electricity is on the Surface. — ^Each molecule 
within the surface of a solid, insulated conductor gives up 
its electricity with equal freedom in every direction ; there- 
fore it cannot become charged. Each molecule on the sur- 
face, however, receiving electricity from the particles behind 
it, and having non-conducting particles of air before it, 
must become charged. A bomb-sheU can therefore hold as 
much electricity as a cannon-ball. 

10. Effect of Points. — ^A pointed wire held near the 
prime conductor will quietly draw off all its electricity, 

* The incredibly email quantity of the metal Tolatlzed in this way is a strikiiig 
proof of the divisibility of matter. During some experiments at the Philadelphia 
mint a gold pole lost in weight by a strong spark one millionth of a grain ; and 
iTT^sTTs of a grain of nickel signed Us name in the spectroscope brilliantly. See Popu- 
lar Science Monthly, Nay, 1877. 

t This is illastrated by the *'Leyden jar with movable coatings," which may be 
charged and then taken apart. Very little electricity can be obtained from the glass, 
the tin coatings, or any two of the parts combined. When pat together agahi, the 
Jar can be discharged in the usual manner. 
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whicli will be seen apparently clinging to the point like a 
glowing star. If we fasten a pointed wire to the prime con- 
ductor, it will silently discharge the electricity in a " brush " 
of flama If we hold one cheek near the point, we shall 
feel a current of air setting away from it. This is strong 
enough to deflect the flame of a candle. The particles of 
air near the point becoming polarized, are attracted, give 
up their negative electricity, and, being charged with posi- 
tive electricity, are repelled ; hew ones take their place, and 
thus a current is established.* 

11. Lightning is only the discharge of a Leyden jar on 
the grand scale upon which Nature performs her operations. 
Two clouds charged with opposite electricities, and sepa- 
rated by the non-cond ucting air, approach each other, f When 
the tension becomes sufficient to overcome the resistance, 
the two forces rush together with a blinding flash and ter- 
rific peal. The lightning moves along the line of the least 
resistance, and so describes a zigzag course. If we can trace 
the entire length, we call it chain-lightning ; if we see only 
the flash through intervening clouds, it is sheet-lightnijig ; 
and if the reflection of distant discharges, we term it heat* 
lightning. The report is caused by the clashing of displaced 
air. The rolling of the thunder is produced by the reflec- 
tion of the sound from distant clouds. Sometimes the 
clouds and the earth become charged with opposite elec- 
tricities, separated by the non-conducting air. The spark 
from the discharge of this huge Leyden jar is a bolt that 
often causes fearful destruction. 



♦ The deetric whirls monnted on the prime conductor (Fi». 201), illastrates this 
action. As each molecoJe of air Is repelled from a point, it reacts with eqaal force 
against the point. This is sufficient to Bet the light wire-wheel in rapid rotation. 

t The air is ahnost constantly electrified by the friction of moving clonds, winds, 
etc, by heat and chemical changes — all of which disturb the eqailibriom. In clear 
weather it is in a positive state, but in foul weather it changes rapidly from positive 
to n^ative, and vice versa. Dr. Livingstoae tells us that in South Africa the hot 
wind which blows over the desert is so highly electrified, that a bunch of ostrich 
feathere held for a few seconds against it becomes as strongly charged as if attached 
to an electrical machine, and will clasp the hand with a sharp crackling sound. 
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The ACBOHA BoKKAUS* ("Northern Lights") ia prob- 
ably caused bj the passage of electricity through the rare- 
fied atmosphere of the upper regiooa. The intimate relation 
betvoea the aurora and magnetism ia shown from the lact 



that the magnetic needle is distorbed when the aurora is 
visible, and seems to tremble as the streamers dart to and 
fro. The telegraph has been worked by the current of 
electricity which passes along the wire on these occasions. 

LiOHTinNO-E0D8 were invented by Franklin, f They are 

based on the principle that electricity always seeks the best 



lnPlg.S 

t FnnkUn'a plm wu opposed b; 11U117 pblloHipben ot the da;, who declared It 
VBB iBlmploDB toward off Eeaven'ellgbliiliig, "as ftirs child 10 ward off tliechs»- 
tenlDg rod of iM ftUier." There was mnch dluneiion as to whelbsr the condudcm 
■bonld b« pointed or not WUbod pereoaded Oeorge III. that the poluta were a 
republic*!! device to lii]i!re HIa UAtntT, as tber would certainlr " invite " tbe Qglit- 
Ding, und BO tbe points on Ibe UgfalaiDg-rodB apou BocUngbam Palace wen changiid 
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oondnctor. The rod should be pointed at the top with some 
metal which will not easily corrode. If constmcted in 
separate parts^ they should be securely jointed. The lower 
end should extend into water, or else deep into the damp 
ground, beyond a possibiUty of any drought rendering the 
earth about it a non-conductor, and be packed about with 
ashes or charcoal. If the rod is of iron, it needs to be 
much larger than one of copper, which is a better conductor. 
Eyery elevated portion of the building should be protected 
by a separate rod. Chimneys need especial care, because of 
the ascending column of vapor and smoke. Water con- 
ductors, tin roofs, etc., should be connected with the damp 
ground or the lightning-rod, that they may aid in convey- 
ing ofE the electricity.* 

13. Velocity of Electricity. — The duration of the 
flash has been estimated at one-miUionth of a second. 
Some idea of its instantaneousness can be formed from the 
fact that the spokes of a wheel, revolved so rapidly as to 
appear confused by daylight, can be distinctly seen by the 
spark from a Leyden jar. The trees swept by the tempest, 
or a train of cars in rapid motion, when seen by a flash of 
lightning, seem motionless ; while a cannon-ball, in swift 
flight, appears poised in mid-air. f 

13. Effects of Frictional Electricity.— (1.) Phys- 

* The value of a lightning-rod consists, most of all. In its power of quietly 
restoring the eqnilibrinm between the earth and the clonds. By erecting lightning- 
rods, we thus lessen the liabilities of a sadden disctiarge. Providence has guarded 
largely against this catastrophe. " Ood has made a harmless conductor in every lea^ 
spire of grass, and twig, A common blade of grass, pointed by Natnre^s exquisite 
workmanship, is three times more effectual than the finest cambric needle, and a 
single pointed twig than the metallic point of the best-constructed rod." Every 
drop of rain, and every snowflake, foils charged with the electric force, and thus 
quietly disarms the clouds of their terror. The baUs of electric light, called by 
sailors ^^St, Mtno's flre^'*^ which sometimes cling to the masts and shrouds of vessels, 
and the flames seen to play about the points of bayonets, indicate the quiet escape 
of the electric force of the earth toward the clouds. 

t Recent investigations indicate that electricity has no fixed velocity, but that its 
rate depends on its intensity and the medium through which it passes. Prof. Bood, 
of Columbia College, has produced sparks whose duzation was forty-oi je bilUonths 
of aseccmd. 
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ICAL. — ^Discharges from a large battery of Leyden jare ffill 
melt metal rods, perforate glass, split wood, magnetize Bteel 
bars, etc. — Let a person stand upon an insulated stool and 
become charged from the prime conductor. His hair, 
through repulsion, will stand erect in a ludicrous manner. 
On presenting liis liand to a little ether contained in a warm 
spoon, a spark leaping from his extended finger will ignite 
it. If he hold in his hand an icicle, the spark will readil; 
dart from it to the liquid.* — A card held between the knob 
of a Leyden jar and that of the discharger, will be punc- 
tured by the spark. — A piece of steel may be magnetized bj 
the discharge from a Leyden jar. Wind a corered copper 



^/^^ nimTrrrftihiiiiitHwt«t»nr ) 

wire aronnd a steel bar, as in Fig. 311, or enclose a needle 
in a small glass tube, around which the wire may be wound. 
Pia. aia. On passing the spark through the wire, 

the needle will attract iron-filings. — Wlicn 
strips of tinfoil are pasted on glass, and 
figures of various curious patterns cut 
from them, the electric spark leaping from 
one to the other presents a beautiful ap- 
pearance. — If a battery be discharged 
through a wire too small to conduct the 

spark, the electricity will be changed to 

heat, and if sufficiently small, the wire 
will be fused into globules or dissipated in smoke. 

(2.) Chemical Effects. — The "electric gun" is filled 
with a mixture of oxygen and hydrogen gases. A spark 

■ Th1« Biperimenl c»u be more »nie1y performed by UBlnR dl-Bolphlde of carbon. 
Thii IneolallnK elool may he merely a hoarrl Isld on lonr drrflinl^taBB botUes m 
gobleU, and tbe eleclrlciTj be developed by rabblDg a ghtaa fubo^ Aa on p. 217. 
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Ganges them to combine ^vith a lond explosion and form 
wattT. — ITie snlphiirouj t:niell which accompanies the work- 
ing of an electrical machiue, and is noticed in places struck 
by ligbtning, is owing to the production of ozone, a. peculiar 
form of the oxygen of the air. (See Chemislry, p. 38.) 

(3. Physiological Effects, — A slight charge from a 
Levden jar prodnces a, contraction of the muscles und a 
spasmodic sensatiou in the wrisL A stronger one becomes 
painful and even dangerous. 

a. VOLTAIC ELECTmcnr.' 
1. Simple "Voltaic Circuit.| — II we jilace a strip of 
Bine in water acidulated with sulptmrio 
acid (oil of vitriol), a chemical action 
will at once commence. Bubbles of 
hydrogen gas gather on the metal, 
while the zinc rapidly dissolves.} 
Now put a strip of copper in the 
liquid. While the two metals remain 
separate no change takes place, bnt as 
soon as they touch, or are connected 
by wires, as in the figure, chemical 
action begins, and the bubbles of hy- 
drogen gather upon the copper iuEtead of, os before, upon 
the zinc. The copper is unchanged, but the zinc wastes 
away. As soon ae the wires arc separated the action ceases, 
and when they are rubbed together in the dark, a nuaut« 
spark is seen. 

* Thia DHme is given in honor of Ibe luJIan philoeopher who made tbe l»t dis- 
torerfeg In this bnnch ot ekctricltf. (See p. 35L) 

t We oa eiBlIf fbrm a limple galrBDlc dnmit bf t>lKtnE ■ Biher coin between 
oar teeth and npper lip. aodapieceof zlDCDnderoaTtoiUfDe. On preselDg the edR« 
or iba two melala loRecber, a pecnUai (aeu will be petcelved, whilB a fluh ot U^ 
vill poaa before tbe dosed area. 

t If we loitiiene the zinc In metcnrr. On rarfcm wDI bfcome u bri^l us a mb- 
ror. Beplace tbe strip IQ the cap. and the add will have no elfecl npoa it as loni; u 
U» cnireDt does not paaa. Tlie rea«on of this acOoD la not well ondentaod. Zioo 
Bied In galraoic buterlee lalb~ — '' 
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Two metal plates combiued in this manner form a gal- 
vanic pair. The euda of the wires ore termed poles or eleo- 
trades. The copper pole is poBitlve and the zinc negative.* 
Joining the wiree is termed closing the dreuit, and aepaistiag 
them, breaking the circuit, 

3. Why the Hydrogen comes from the CoKwr. 

— For simplicity of illastration, we suppose a row of 

water molecules f extending from the zinc 

'^^ *•*■ to the copper plate. The negative oiygen 

of the molecule of water nearest the po&- 

itive zinc is attracted to that plate, while 

I the poaitive hydrogen is repelled. The 

atom thns driven off seeks refnge with the 

oxygen of the next molecnle, and dia- 

I possesses its hydrogen. This atom in turn 

robs the third molecule of its oxygen, and 

so on nntil the last molecnle is reached, 
when the atom of hydrogen, attracted by the negative cop- 
per, gives np to it its positive electricity, and then fliee ofl 
into the air. Each atom of escaping hydrogen imparting 
its electrical force, adds to the current of electricity. 

3. Toltalo Current. — The word "current" should not 
be understood to indicate the passage of a fluid, like the 
flow of water in a stream, hut a mere transmission of the 
electrical energy. Thus, if a long pipe were perfectly filled 
with waterj a drop added at one end would thrust out a 
corresponding one at the other, which would not, however, 

• These nsmn tasj euHr b« remembered If ve uioctate tbe p'a irtth copper 
■Dd pmllite, uid tbe d'b wllb rlnc aad DegsttTS. V. should be noOced that the Wrai« 
kre revened when ipplled to the plfttea snd Uia polea. The Hae pole te D^ittTe, 
butthedDcplktelapodtlvs; Uie copper pole 1b poeltlTs, but the copper pble is 
n^stlTe. We thne see that the plMea vben pUc«d to tbe liquid become poUrtied, 
u Ib reprewDted Id FIr. SIS. 

t In Flit, ^* ' molecule or naler la rapreaanted, tor conTenlepce, u comlttlng 
of onlT one atom of hjdrOKen and one of oiygen, Inalead ot two of hrdrogen and 
one of ougen.-L»le InTestlgaW™ hold that the hjdtated anlphnrlc acid (H.SO.), 
nXbat than Uia water alone, le deeompoaed, the hydroBen going to the copper and 
the aDlptabrtc acid combli^ ttlth ItM dnc (See nplacemeot liiaotj, CliaiMrf. 
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be the identical one dropped in, since the force alone would 
trarerae the lengUi of ihe pipa In the galranic pair the 
current of podtiYe electricity sets oat from the positive 
zinc through the liquid to the n^atire copper, thence 
through the wire around again to the zinc. If the circuit 
be broken, the current will manifest itself at the copper 
pole. When the current passes through a conducting sub- 
stance, as a wire, jod, etc., the force is transmitted, not on 
the surface, but through the entire thickness of the lody. 
Each molecule, becoming polarized and charged, discharges 
its force into the next molecule, and so on. The current 
thus moves by a rapid succession of polarizations and dis- 
charges of the molecules of the conductor.* 

4. Mectrical Potential is a property of a body by 
which electricity tends to go from it to another, and is 
measured by the resistance met in the i)assage. This 
term is to electricity what temperature is to heat. When 
plates of zinc and copper are brought in direct contact, 
or are connected by means of the liquid, they assume dif • 
ferent electrical potentials as already seen (Fig. 213). On 
joining the wires, the electricity passes from the body at 
the higher potential to the one at the lower. This con- 
stitutes the current, which is made a steady flow by the 
constant chemical decomposition taking place. The greater 
the difference between the chemical action upon the two 
metals the stronger the current. The metal most corroded 
is termed the positive or generating plate, and the one least 
corroded the negative or collecting plate. 

5. A battery consists of several voltaic pairs, combined 
so as to increase the strength and steadiness of the electric 
current. 

* With what inconceivable rapidity mnst these snccessive changes take place in 
an iron wire to transmit the electric force, as in recent experimenta, from Valentia, 
Ireland, across the bed of the Atlantic and the continent to San Francisco and letnm, 
a distance of 14,000 miles, in two minates I 



334 KLBCTKicmr, 

Smee's Baiteky. — Each cell conHiste of two plates of 
zinc and one of eilrer snapended betweCD 
them. They are clamped together with 
screws and hung in a glass jar filled with 
dilute enlpharic acid. Since bubbles of 
hydrogen gas tend to collect on the smooth 
surface of the silver and interrupt the 
iiction, it is roughened with finely-divided 
platinum. (See also p. 253.) 

Grove's Battebt is a "two-fluid bat- 
tery." The outer or glass jar ^^_ ^^ 
contains dilute sulphuric acid, 
in which is placed a, hollow 
zinc cylinder with a slit at the side to allow 
a free circulation of the liquid. The inner 
cup is of porous earthenware, and filled with 
strong nitric acid, in which is suspended a thin 
strip of platinum.* 

Bunsbn'9 B.VTTEKT differs from Grove's in substituting 
s carbon rod for the platinum strip in the inner cup. This, 
being an excellent conductor, answers the same purpose and 
is cheaper. 

Daxiell's GoNBrANT Battebt has an onter copper cup 

* The chemical ciuuqca Is ta follovra : The woler In Uie outer cup la decompued, 
tbe oiygen DDillnK wllh the zIdc and the anlpbnrlc acid wUh bolh. to make eolphats 
or line. The hydrogen, haweier. doee not escape, as in Smee's battery, bar puses 
Intu the Inner cnp and tears apart the oltrlc acid, forming woler acd niirlc oxide. 
ISce CAtmiiliT/, p. 46.) The latter le at first absorbed b; the Uqnid, bat eoon beglDt 
lo escape In corToslve. reddith fume>i. According t« the nen nomenclature Id 
k^hemlstrj, the enlphurlc Scid, H^SO., Is decomposed, the hydrogen passing Into thB 
inner cnp and ilie BDbydronii add comblnlDg with the rtnc IF the zinc Is propcily 
amalgamated, no action takes place while (he poles are separated, and the battery 
remains qnle«;ent. Hhe a uleeptng plant, but the Instant the wire? are connected the 
llqnld will begin to boll with the evolnOon of the gas, while tlic electric energyta 
manirested at the poles. The advantages of this battery arc: [1 ) Tlic hydroeen does 
not collect on the negative (platinum) jilate. since It Is absorbed by the nitric add. 
at.) The liquid formed In tbe Inner cup is an excellent coniluclor of electricity. 
(S.) Flatitmm is a more perfect negative metal (ban copper, since It is not acted apou 
by the acid, and (hue does not tend to start a connter>cnrrent ; therefore platinam 
Bi>d zinc make a better voltaic pair than copper and zinc. (4.) Tbe addition^ 
dMsomposltlon of the nitric add seta bee a great quauUty et elecCrld^. 
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holding a solution of bine vitriol, and an inner porous cup 
containiug a zinc rod and dilute sulphuric acid. The svlr 
phate of copjter battery consists of a large zinc cylinder 
suspended in a copper jar containing a solution of copper 
sulphate (blue yitriol). (See also p. 253.) 

6. Quantity and Intensity. — \ battery may develop a 
great quantity of electricity having a low degree of intensity, 
or a small quantity having a high intensity. Thus a cup of 
boiling water is intensely hot, while a hogshead of luke- 
warm water contains a great quantity of heat. The in- 
tensity of the electric force depends on the number of cells ; 
the quantity, on their size. An intensity battery is formed 
by joining the zinc plate of one cell to the copper of the 
next ; a quantity battery, by joining the zinc and the copper 
plates together. 

7. Comparison of Frictional with Voltaic Eleo- 
tricity. — Frictional electricity is noisy, sudden, and con- 
vulsive ; voltaic is silent, constant, and powerful* The one 
18 a quick, violent blow; the other a steady, uniform 
pressure. Intensity is the characteristic of the former, 
quantity of the latter. The liglitning will leap through 
miles of intervening atmosphere, while the voltaic current 
will follow a conductor around the globe, rather than jump 
across the gulf of a half-inch of air. The most powerful 
frictional machine would be insufficient for telegraphing; 
while despatches have been sent across the ocean with a tiny 
battery composed of *^ a gun-cap and a strip of zinc, excited 
by a drop of water the bulk of a teai*.'' 

* To decompose a grain of water would require over 6,000,000 discharges from a 
Leydeo jar— eDoa^ electricity to chai^ge a tbiiiider-clou>i 35 acre^ in area ; yet a few 
Gtore caps would tear apart that amomit of water in perfect ease and Bilence. 
** Faraday immerBed a voltaic pair, compoeted of a >vire of platicnm and one of zinc, 
in a solnlion of 4 ozb. of water and one drop of oil of vitriol. In three seconds tills 
produced as great a deviation of the galvanometer needle (Fig. 290) as was obtained 
by 90 toms of the powerful plate-glass machine. If this bad been concentrated in 
one millionth of a second, the duration of an electric spark, it would have been suffi- 
cleni to kill a cat ; yetit would require 800,000 such diflchaigesto decompooe agnin. 
of water.^ 
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8. Effects of Voltaic Electricity.— (1.) Phtsical. 
If a current of electricity is passed through a wire too 
small to conduct it readily, this becomes hot. The 
poorer the conducting power of the wire, and hence the 
greater the resistance, the more marked the effect. With 
10 or 12 Qrove^s cups several inches of fine steel wire may 
be fused ; and with a powerful battery, several yards of 
platinum wire made glowing hot.* 

In closing or breaking the circuit we produce a spark, 
the size of which depends on the intensity of the current. 
With several cells, beautifully variegated sparks are ob- 
tained by fastening one 
pole to a file and rub- 
bing the other upon it 
When charcoal or gas- 
carbon electrodes . are 
used with a powerful 
battery, on slightly sepa- 
rating the points, the 
intervening space is 
spanned by an arch of 
the most dazzling light 
(Fig. 217). The flame, 
reaching out from the 
positive pole like a 
tongue, vibrates around 
the negative pole, lick- 
ing now on this side and 
now on that. The heat is intense. Platinum melts in it 
like wax in the flame of a candle, f the metals bum with 
their characteristic colors ; and lime, quartz, etc., are fused. 

* Torpedoes and blasts are fired on this principle. Two copper wires leading 
from the battery to the spot are separated in the powder by a short piece of small 
steel-wire. When the circuit is completed, the fine wire becomes red-hot and 
explodes the charge. 

t To show the varying conducting power of the different metals, fhsten together 
alternate lengths of silver and platinum wire and pass the current through them. 
The latter wlU glow while the former conveying the electricity more perfectly will 
■carcely manifest its presence. (See also p. 258.) 
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The effect ia not produced bj burning the charcoal points, 
Bince in a Tacaam it is equally brilliant. 

(3.) Chemical Effects. — Electrolysis (to loosen by elec- 
tricity) is the process of the decomposition of compound 
bodies by the voltaic current. If platinum electrodes be 
held a little distance apart in a cap of water, tioy bnbbles 



will immediately b^n to rise to the surface. When the gases 
are collected, they are found to be oxygen and hydrogen, in 
the proportion of two parts of the latter to one of the 
former* In the electrolysis of compounds, their elements 
are found to be in different electrical conditions. Hydrogen 
and most of the metala go to the negative pole, and (since 
unlike electricities attract) are electro-positive. Oxygen, 
chlorine, sulphur, etc., go to the positiTO pole, and are 
therefore electro-negative. 

Meciroiyping ia the process of depositing metals from 
their solution by electricity. It is used in copying medals, 
woodcuts, types, etc. An impression of the object is taken 

• If the copper potea Iw inBcried, hobbles wHI psas off fWnn the negsHTe, bnt 
ime Oom Ihe positiTe pole, elnce Ihe oxygen combines with the copper vire. 
Tbit gu hu no effect an pbtinnni. The bnnilDe of ao Mom oT zinc In the 
iMUei; devdope snoogb electricity to set frae an atom of o^gen at the poalttve 
pole. It 1b Intermtisg to notk» that in the battery Iheic la ztuc burului;. i. e., com- 
blnlng witli oxygen, but vllhoat Ugbt ; in the electric light ttie le&l force of the com- 
tnution la rerealed. We may thoa tracafer tba light and hoftt to a gnat dlfltauce. 
(See alM) p. jM.) 
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with gutta-percha or wax. The surface to be copied is 
brushed with black-lead to render it a condnctor. The 
mould is thea enspended in a solution of copper sulphate, 
from the negative pole of the battery, and a plate of copper 
is hung opposite on the positive pole. The electric onrrent 



decomposes the copper sulphate ; the metal goes to the 
negative pole and is deposited upon the mould, while the 
acid, passing to the positive pole, dissolves the copper, and 
preserves the strength of the solution.* 

Electro-plating is the process of coating with silver or gold 
by electricity. The metal is readily deposited on German 
silver, brass, copper, or nickel silver (a mixture of copper, 
zinc, and nickel). The objeets to be plated are thoroughly 
cleansed, and then hung from the negative pole in a solution 

* While Ibe plaie 1e banking In tbc «o1ntlaii Ibere la no nolM beanH or bubbling 

electric toree la conOnnally dmwlnit purlicles of ruddy, solid cnpper out of tbs blut 
UqiAd, uid, noUeleeely ns tbe foil or enoivflakee, dropping ihi?m on tbe monM; 
prodacing m metal purer ttan an; chemUl ran mannllicliire, spreading tt witb a 
.. tut can HtUin. and CopTlni; everjlloe wItb a UdelK; that knowam 
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of silver, whfle a plate of silver is suspended on the positiye 
pole. In five minutes a " blush '^ of the metal will be de- 
posited, which conceals the baser metal and is susceptible 
of polislu* 

(3.) Physiological Effects.— With a single cell no 
effect is experienced when the two poles are held in the 
hands. With a large battery a sudden twinge is felt, and 
the shock becomes painful and even dangerous, especially if 
the pahns are moistened with water to increase the con- 
duction. Babbits which had been suffocated for half an 
hour, have been restored by a series of electric shocks. 



4. ELECTRO-MAGNETISM. 



1. Plffect of a Voltaic Current on a Magnetic 
Needle. — ^If a current of electricity be passed over a mag- 
netic needle, the needle will tend to place itself at right 
angles to the wire. If the wire is brought over and beneath 
the needle, it doubles the effect, and the play of the needle 



* Place In a large test-tabe a eilyer coin with a little nitric acid. If the fames of 
the decomposed acid do not eoon xise, warm the liquid. When the eilyer is dissolved 
fin the tnbe nearly full of soft water. Next drop muriatic acid into the Uqaid until 
the white precipitate (sOver chloride) ceases to falL When the chloride has settled, 
poor off the colored water which floats on top. Fill the tabe again with soft water ; 
diake it thoroughly ; let it settle, aod then poor off as before. Continne this process 
nntil the liqoid loses all color. Finally, fill with water and heat moderately, adding 
potasdam cyanide (the papil will remember that this substance is exceedingly poi- 
sonons) in small bits as it dissolves, until the chloride is nearly taken up. The liquid 
is then ready for electro-plating. Thoroughly cleanse a brass key, hang it from the 
negative pole of a small battery and su8i)end a silver coin from the positive pole. 
Place these in the sOver solution, very near and Acing each other. When wdl 
whitened by the deposit of silver remove the key and polish it with chalk. In the 
arts the polishing is performed by rubbing with '' burnishers.^ These are made of 
polished steel, and fit the surfaces of the various articles upon which they are to be 
used. It is said that an ounce of silver can be spread over two acres of surface. A 
well-plated spoon receives about as much silver as there is in a ten-cent piece. The 
onty method of deciding accurately the amount deposited is by weighing the article 
before and after it is plated.— A vessel may be " gold-lined *' by filling it with a solu- 
tion of gold, suspending in it a slip of gold from the positive pole of the battery, 
and then attaching the negative pole to the vesseL The current passing through the 
Bquid causes it to bubble like soda-water, and in a few momenta deposita a thin film 
of g<dd over the entire surface. 
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becomes a delicate test of the presence and directioa of the 
electric force. 



S. The Galvanometer is an instrnnient for measuring 
the force and direction of an electric current. B is a coil 
of wire, wound with thread to in- Ym. sai. 
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The Bilk cord, s, snpportB an astatic needle. This consistB 
of two magnetic needles, one over the graduated circle and 
the other within the coil, with the north pole of the one 
opposite the south pole of the other, so as to neatralize the 
attoLction of the earth,and permit the combined needle to obey 
the will of the enrrent alone. 

3. Slectro- magnets. — 
The voltaic current produces 
magnetism. If a current be 
passed through the wire shown 
in Fig. 311, the steel bar will 
be rendered magnetic. This 
shows the identity of the elec- 
tricity from the voltaic bat- 
tery with that from the Leyden 
jar. If the wire be wound 
around a bar of soft iron, as in 
Pig. 223, the iron will instantly 

become a magnet which will grasp the 
^^■^^ armature with great force, but will as 

quickly lose its properties when the cur- 
rent is broken. If the current be passed 
through a coil of insulated wire (helix) 
{Fig. 223), a rod of iron held below it 
will be drawn up forcibly, as if pulled by 
>^ a powerful spring,* Here we see that not 
only does the soft iron within become 
m.agnetic, but also the coil itself. 

4. Motion Produced by Electricity. 
— If we reverse the direction of the cur- 
rent, we change the poles of the magnet. 
Advantage is taken of this to produce 
continuous motion. Pig. 224 represents 
Page's Rotating Machine. It consists of 
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an apright borse-shoe m&gnet, between the poles of vhicli 
is a email electro-magnet. Above this are tro epiiogs, 
FM at which are so placed that, as the cen- 

tral rod revolves with the electro- 
m^net, the carrent passes through 
these springs, alternately, to the nire 
coiled about the iron of the electro- 
m^net. The poles of the clectro- 
m^net are thus changed twice with 
each revolution. The poles of the 
upright magnet attract the opposite 
poles of the electromagnet, but as 
soon as they face each other the cur- 
rent is reversed, and they at once 
repel each other ; the other poles are 
then attracted, but as they come 
together are repelled as before. A rapid motion is thus 
secured. The revolutions may rise as high as 2,500, making 
5,000 reversals of the current in a minute. 

Elbcteo-maonetic Engines are coustmcted either on 
the principle that the magnet retains its power only while 
the current is passing, or that the poles are changed by 
reversing the current. They have been made of 8 or 10 
horse-power, but have never become of great practical value, 
because of the expense of the, battery required to produce 
the electricity. The zinc which hums in the cell of the 
electric-engine is far more expensive than the coal which 
bums in the furnace of the steam-engine. 

The ELECTRO-MAQNBnc Teleoeaph depends on the 
principle of closing and breaking the circuit at one station, 
and thereby making and unmaking an electro-magnet at tlie 
station to which the despatch is to be sent. A single wire 
is used to connect the two stations. The extremities of the 
vrire extend into the ground, and the earth completes the 
drcnit. Each station haa a key and a register (or sounder); 
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the former is used for sending mesBagee, and tlie latter for 
receiving them. 

The key is shown in Fig. 225. E and F aae screws which 
fasten the instnunent to the table, and al80 hold the two 
ends of the wire, P is insulated by a rubber ring where it 
passes through the table B. H is a lever with a finger-button 
G, a spring I, to keep it lifted, and a screw D, to regulate 
the distance it can move. At A is a break between two 
platinum points, which form the real ends of the wire. 



When G is depressed, the circuit is complet*^ and when 
lifted, it is broken, C is a drcuil-closer that is used when 
the key is not in operation ; the arm being pushed under A 
touches the platinum wire and ho completes the circuit. 
The operator, by moving G, can "close" or "open" the 
circuit at pleasure. He thus sends a message. 

The register contains an electro-magnet, E (Fig. 336), 
When the circuit is complete, the current, passing througli 
the coils of wire at E, attracts the armature m. This ele- 
vates n, the other end of tne lever mn, and forces the sharp 
point X firmly against the soft paper a. As soon as the 
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circuit is broken, E ceases to be a magnet, and the spring 
R lifts tbc armature, drawing tho point from the paper. 
Clock-work attached to the rollers at z moves the paper 
along uniformly beneath the point x. When the circait is 



completed and broken a'^ain instantly, there is a sharp dot 
made on the paper. This is called e ; two dots, i ; three 
dots, s ; four dots, h. If the current is closed for a longer 
time, the mark becomes a dash, t ; two dashes, m ; a dot and 
a dash, c 
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A skilful operator becomes bo used to the sound that the 
clicking of the armature is perfectly intelligible. He nees, 
therefore, simply a "sounder," i.e., a register without the 
paper and dock-work attachmeat. 
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Rbiat. — When the stations are more than fifty milei 
apart, the current becomes too weak to work the register. 
The relatf usee the force of a local battery for this purpose. 



D ia the line-wire ; C the ground-wire ; A is connected with 
the positive pole ; and B with the re^ster or sounder and 
thence with the negative pole of the battery. The current 
passes in at D, traverses the fine wire of the electio-magnet, 
E, and thence passes out at to the ground. The arma- 
ture E, playing to and fro as the current from the distant 
station darts through or is cut off, moves the lever F. This 
works on an axis at the lower end and is drawn hack by the 
^ring H, which ia regulated by the thumb-screw L As E 
is attracted the circuit at G is closed ; the current from A 
leaps through a wire underneath, up F, and down L and 
back through another wire underneath to B, and thence to 
the eleotro-magnet of the register, and attracts its armature. 
The operator who sends the message simply completes 
and breaks the circuit with the hey; the armature of the 
relay, at the station where the message is received, vibrates 
in unison with these movements ; the register or sounder 
repeats them with greater force ; and the second operator 
interprets their meaning. 

5. Magneto-electricity is developed by means of 
magnetism. A machine for this purpose is dliown in Fig, 
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22S. Coils of wire are inBnlated and wotmd arottnil a small 
bar of soft iron, B, bent at rigbt angles. Thia acts as the 
armature of a powerful horse-shoe magnet, before tlie poles 
of which it revolves. The soft iron becomes magnetic, and 
then induces electric currents in the coils. The poles are 



changed twice, and thus two opposite currents are induced 
in each revolution. By means of a break-piece the circuit 
is rapidly broken and closed. Severe shocks are thus pro- 
dnced, when the poles are grasped by the hands.* 

6. Induced Currents. — Let two coils of wire be made 

to fit into each other, and carefully separated by insulators. 
If a current of electricity be passed through the inner coil, it 
will induce a powerful secondary current, flowing in the 
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Opposite direction, in the outer coil. This coon ceases ; on 
breaking the circuit, however, it will Bturt again, but in the 
same direction as the 
primary current. '■''"' ^"'' '^' 

apparatns show 
Fig. 229 consists 
tially of the two 
coila just de- 
scribed. The 
primary cur- 
rent from a 
single cell is 

rapidly interrupted by means of a small electro-magnet. 
WIicD this is magnetized, it attracts the armature, and thna 
the circuit is broken ; the armature immediately springs 
back, and again completes tho circuit. A bunch of iron wires 
may be inserted aa a core in the inner coil. When the 
current passes, these become magnetized, and by induction 
strengthen the secondary current. Rulimkorff's coil is con- 
structed on the same principle. The largest coils often 
contain thirty to fifty miles of covered wire. They will 
throw a quick succession of sparks, 20 to 40 inches long, so 
as to charge and discharge a Leyden jar, with a crack like 
that of a pistol, as rapidly aa one can count.* 

7. The Telephone t (sound afar), in the Bell instru- 
ment, consists of a magnet N, S, at one end of which is a 
coil of wire C, a thin iron plate B, and a month-piece A. 

• Therarsklsonsed to inaptnle Uie efi^U or the pun^ of electricity throngh 
Uie i-iiioii? !;■«» and rarefied >apon. These are placed \a sealed glass tabes. knoHii 
af GdBeler'e tubes, and wben tbe CDmoit paaaea tliej exhibit the richest tints and 
buds of color. 

t A telephone in parts, ready to be pat together hj the eTperimenter^ la sold bf 
tbe apparatoa dealers. A simple bnt effective instnunent can be made, at a sli^l 
expense, by a pupil nilh ordinary mectzuulcal ability. Oae process, nrltb IllustrsUve 
drawings, U given in Ibe Popniar Science Monthly, March. 18T8, and another In the 
Bcientiac American, Vol. 39, No. 5. In Vol. 39. No. 16, is also described a mclhod of 
constructing a microphone ; and In tbe SclenUOc American Supplement, No. 133, ia 
an acconnt of a home-made phonoi^ph. These nnmbers can be procared by any 
uemdealer. In aslng the telephone, two instnunents exactly alike are employed. 
OiH la beld to the mootli oftbe speaker, and the other to the ear ot the Uateoai- 
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The endB of the coil are connected, the one with a line wire 

and the other with the earth or a return wire. At the 
eecond station 
'"■■*'■ is a similar in- 

strmnent. The 
Tibrationsofthe 
voice at A throw 
the plate into 
vibration. As 
6 approaches M 
the magnet k 
strengthened 
and a current of 
electricity in- 
duced in the 
coil C and 

thence transmitted to the line wire. IVhen B recedes from 

N the current is stopped. Thus 

the waves of air are translated ^^^ ^si 

into corresponding waves of elec- 
tricity.* At the other station 

the reverse process occurs. The 

pulses of electricity are there 

converted into waves of air 

which, falling nijon the ear at 

A, produce the phenomena of 

Bonnd. 
8. The MloTophone f con- 

sista of a small battery for 

generating a weak current of 

electricity, a telephone for the 

* It Bhonld be noClFed that In the apparaniB described in Ibe note od p. 1)7, Iha 
•oond Is conve)^ by mechanics] vibratlaas merely, while In the Ime telephone Ibej 
■re tnnnnltted b; electrical palMtlons. 

t Tbe microphone Is tbe lut reSDement of the telegraph. Tbe blnted >hike ef 
the carbon rod pmducet a minnlu breaking o( contact or Increase of reslitancelo the 
electric cnrrent, Tbla produces a corresponding change of magnetic strength hi the 
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receiTlng instnunent, and a tranemitting or speaking instni- 
ment. The last roay be a small rod of gas carboa (Fig. 
331), with the ends set loosely in blocks of the same mate- 
rial ; tiie latter are attached to an upright snpport glued 
into a wooden baseboard. This instrument is connected 
with the battery and the telephone. A sound made near 
the rod can be heard at the distant telephone, with wonder- 
ful distinctness. The patter of a fly's foot in walking across 
the baseboard, or the brush of a camel's-hair pencil, is 
audible many miles away. 

S. THERIUL BLECTRICITT. 

As electricity can be changed into heat, heat can in turn 
be converted into electricity. 

A Thenno-eleotrio Pile consists of alternate bars of 
antimony and bismuth soldered together, as shown in 
Fig. 333. When mounted 
for use, the couples are ^°- ^" 

insulated from each other 
and enclosed in a copper 
frame P. If both faces of 
thepile are equally heated, 
there is no current. The 
least variation of temper- 
ature, however, between 
the two is indicated by the 

flow of electricity. Wires from a, the positive pole, and b, 
the negative, connect the pile with the galvanometer (Fig. 
331). This constitutes a delicate test of the presence of 
heat. A fly walking over the face of the pile by its warmth 
will move the needle, if the galvanometer be very delicate.* 

■ Slnii)[e, (bat minals quaiitllieg of heat become eenBible only wheD the; are 
converled Into elect ricllr, tbea loto mienetlem, tmd luUj ioto maHau. 
(See >1*D p. HM.) 
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& ANIMAL ELECTRICITY. 

Electric Fish have the property of giving, when 
touched, a shock like that from a Leyden jar. The torpedo 
and the electrical eel are most noted. The former is a 
native of the Mediterranean, and its shock was anciently 
prized as a cure for various diseases. The latter is abundant 
in certain South American waters. A specimen of this fish, 
forty inches in length, was estimated by Faraday to emit a 
spark equal to the discharge of a battery of fifteen Leyden 
jars. 



SUMMARY. 

Electricity is a fonn of energy which is excited by means of mag- 
netism, friction » chemical action, heat, and also by induction or the 
presence of other electrified bodies. It possesses a peculiar duality or 
doubleness of property, as seen in the alternate attraction and repul- 
sion of magnetic poles. These two forms of the same force are called 
positive and negative. Magnetism is manifested only at the ends of 
a body, while electricity may reside equally over its entire surface. 
Magnetism is, however, identical with electricity, and they have a re- 
ciprocal relation. Magnets of soft iron may be made of any strength 
by means of the electrical currents. The earth itself is doubtless a 
great magnet, made so by electrical currents which circulate about it, 
being generated perhaps largely by the heat of the sun. This accounts 
for the polarity of the needle which is so useful in navigation. Elec- 
tricity may be developed in any quantity by means of friction, com- 
bined, as in Holtz's machine, with induction. It may be hoarded for 
use by the Leyden jar, the construction of which curiously illustrates 
the phenomena of lightning. 

Galvanic electricity is born of metallic difference and chemical 
action. The essentials of an ordinary battery for its development are 
two substances, one of which is more strongly acted on by a chemical 
agent, while the other gathers the electricity set free. It differs from 
frictional electricity in being characterized by quantity rather than 
intensity; in flowing* in a continuous current rather than a sudden 
discharge ; in traveling along a wire to any desired distance ; in being 
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perfectly manageable, and in manifesting its properties at anv point 
where the current is interrupted. It has a powerful chemical or inter- 
atomic action, breaking up the molecules of compound bodies as seen 
in the decomposition of water and the various processes of electro- 
typing, plating, etc. The electric telegraph, the telephone, the micro- 
phone and the use of the electric light for illumination, are the latest 
applications of the electric force to the purposes of practical life. 



HISTORICAL SKETCH. 

Thales (6th cent. B. C), one of the seven wise men, knew that 
when amber is rubbed with silk it will attract light bodies, as straw, 
leaves, etc. This property was considered so marvellous that amber 
was supposed to possess a soul. From the Greek name of the sub- 
stance (elektron) our word electricity is derived. This simple phe- 
nomenon constituted all that was known until the 16th century, when 
Gilbert, physician to Queen Elizabeth, made some valuable experi- 
ments. The next century Guericke discovered induction. Then 
Newton turned his powerful mind upon the subject and is thought by 
some to have invented a glass-globe electrical machine. In the 18th 
century, Du Fay accounted for electrical phenomena by the theory of 
two fluids — ^the vitreous and the resinous. This view is yet held by 
many and its nomenclature has permeated the whole subject of elec- 
tricity so that we still speak of a "current," a ** flow of electricity," etc. 
About 1753, Franklin proved the identity of lightning and fric- 
tional electricity by means of a kite made of a silk handkerchief and 
with a pointed wire at the top. He elevated this during a thunder- 
storm, tying at the end of the hemp string a key, and then insulating 
the whole by fastening it to a post with a long piece of silk lace. On 
presenting his knuckles to the key, he obtained a spark. So great 
was his joy, that he is said to have burst into tears. He afterwards 
charged a Leyden jar, and performed other electrical experiments in 
this way. These attempts were attended with very great danger. 
Prof. Bichman, of St. Petersburg, drew in this manner from the clouds 
a ball of blue fire as large as a man's fist which struck him lifeless. 

In the year 1790 Galvani was engaged in some experiments on 
animal electricity. For this purpose he used frogs* legs as electro- 
scopes. He had hung several of these upon copper hooks from the 
iron railing of the balcony, in order to see what effect the atmospheric 
electricity might have upon them. He noticed, to his surprise, 
that when the wind blew them against the iron supports, the 
legs were convulsed as if in pain. After repeated experiments, 
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Fm^ t88L GalTani concluded that this effect was prodnced tj what 
he termed animal electricity, that this electricitj is different 
from that caused by friction, and that he had discovered 
the a^nt by which the will controls the muscles. Volta 
rejected the idea of animal electricity, and held that the 
contact of dissimilar metals was the source of the elec- 
tricity, while the frog was " only a moist conductor, and 
for that purpose was not as good as a wet rag." He ap- 
plied this view to the construction of "Volta's pile," 
which is composed of plates of zinc and copper, between 
which are laid pieces of flannel moistened with an acid or a saline 
solution (Fig. 238). This theory is substantially the one held at the 
present time, though we now know that there must be chemical 
action to continue the supply. 

Electricity and magnetism were studied as distinct branches until 
1820, when Oersted of CJopenhagen discovered the phenomenon shown 
in Fig. 220. This was published everywhere, and excited the deepest 
Interest of scientific men. In the fruitful mind of Ampere the experi- 
ment bore abundant fruit. He discovered that two parallel wires con- 
veying electricity in the same direction attract each other, and when 
in opposite directions, repel each other. From this he generalized the 
entire subject. Prof. Henry next exhibited the wonderful power of 
the electro-magnet, and invented the electro-magnetic engine. Scien- 
tific men in all parts of the world were now gathering the material 
necessary for the invention of the electric telegraph. It fell to Samuel 
F. B. Morse to make this knowledge practical, and in 1837 he exhibited 
in New York a working instrument. An experimental line between 
Washinpfton and Baltimore was completed in 1844, and, on May 27th 
of that year, was sent the first message ever forwarded by a recording 
telegraph. 

Consult Maxwell's " Electricity and Magnetism " ; Tyndall's " Les- 
sons in Electricity " ; Faraday's " Lectures on the Physical Forc3S " 
and *' Researches in Electricity " ; Noad's " Manual of Electricity" ; 
Art. on the Microphone, in Scribner's Monthly, Vol. XVI, p. 600 ; 
Prescott's "The Speaking Telephone, Talking Phonograph," etc.; 
Foster's "Electrical Measurements," in Science Lectures at South 
Kensington, Vol. I, p. 264 ; Thomson's " Papers on Electrostatics and 
Magnetism " ; Guillemin's " The Forces of Nature" and '* The Appli- 
cations of Physical Forces"; "American Cyclopfledia," Articles on 
Electricity, Magnetism, Electro-magnetism, etc. ; Smith's " Manual of 
Telegraphy"; Jones's "Historical Sketch of Electric Telegraph"; 
Watts's " Electro-metallurgy " ; " Barnes's Hundred Years of American 
Independence," Sec. on Morse, p. 442 ; " Fourteen Weeks in Zoology," 
Sec. on Torpedo, p. 186; Gordon's " Electricity and Magnetism "; Hos- 
pitalier's " Modem Applications of Electricity " (specially commended 
for latest discoveries). 



ADDITIONAL FACTS ABOUT ELECTRICITY. 



(P. 234.) In Smee's Battery, the "polarization of the plates" due, 
among other causes, to the adherence of the hydrogen to the copper, 
and hence the production of a reverse electro-motive force, is partially 
prevented by the roughening of the silver plate; in Grove's Battery, 
the polarization is remedied by the nitric acid which intercepts the 
hydrogen; in the Leclanch^ Battery, the depolarization is effected by 
means of manganese dioxide; and in the famous battery of 13,000 ele- 
ments, used by Warren de la Rue, silver chloride is employed as 
depolarizer. In some pases, the depolarizing and the exciting agent 
both form a single solution; as, for example, in Grenet's battery, 
where the zinc and the carbon are immersed in a solution of sulphuric 
acid and potassium bichromate. 

(P. 235.) The electrical units now generally recognized are based 
upon the Centimetre, the Gramme, and the Second (C. G. S.). i. The 
ohm is the unit of the resistance of the conductor through which the 
current passes; it corresponds to the resistance of an iron wire four 
millimetres in diameter, and a hundred metres long. The resistance 
of a Daniell's cell is about half an ohm, and of 250 feet of No. 16 
ordinary copper wire, about an ohm. In general, the resistance of 
wires of the same size and material is inversely as their cross-section. 
2. The volt is the unit of the electro-motive force (E. M. F.); it cor- 
responds very nearly to the E. M. F. (difference of potential) generated 
by one Daniell's cell. 3. The ampere is the unit of intensity; it repre- 
sents the current produced by ** a volt in an ohm." According to Ohm's 

law, **THE INTENSITY IS EQUAL TO ELECTRO-MOTIVE FORCE DIVIDED 

BY THE RESISTANCE." 4. The coulomb is the unit of quantity; it repre- 
sents the quantity of electricity yielded in one second by a current 
with an intensity of one amp6re. 5. The farad is the unit of capacity; 
it represents the capacity of a condenser containing a coulomb when 
charged to the potential of a volt. 

(P. 236.) There are two forms of the electric light now used— the 
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arc (shown in Fig. 217), where the current passes between two carbon 
points; and the incandescent^ where the current heats to a dazzling white 
a carbon strip placed in the circuit. The former, as in the Brush sys- 
tem, is employed in lighting streets, railroad stations, and large halls; 
the latter is generally used in dwellings, etc., as it gives a softer light, 
and is much more steady. When exposed to the air, the voltaic arc 
rapidly wastes the carbon points. Electric lamps have therefore been 
devised that, by a self-acting apparatus, keep the points at a proper 
distance from each other. In the Jablochkoff Candle two carbon rods 
are placed side by side, and are insulated from each other by kaolin; 
when an electric current is passed through them, the arc is produced 
at the upper end of the rods, and the clay wastes with the carbon. 
Edison's Lamp consists of a tiny carbon loop placed in a glass globe 
from which the air has been so completely exhausted as to leave only 
--i— of an atmosphere. 

(P. 237.) Any battery-cell subjected to electrolysis is called a 
secondary cell. Several such cells form an accumulator or storage 
battery. Faure's Accumulator consists of twojead plates coated with 
red lead, rolled together with flannel between them, and immersed in 
dilute sulphuric acid. A current of electricity passed through such a 
cell changes a part of the red lead on the positive plate into peroxide 
of lead; and a part of the red lead on the negative plate into spongy 
metallic lead. A battery of these cells when freshly charged will retain 
its electricity and produce a sustained current when desired. 

(P. 246.) The powerful dynamo^ or, more fully, dynamo-electric 
machines driven by steam-power and used for electric lighting, etc., are 
based upon the general principle of the magneto-electric machine shown 
in Fig. 228. The fixed magnets (known as the field magnets) are now 
usually powerful electro-magnets excited to intense action by arma- 
tures revolving at a high speed. For a full account and pictures of the 
various forms of dynamos, read Hospitaller's Modern Applications of 
Electricity, translated by Maier. 

(P. 249.) Langley's Bolometer is an instrument devised for measur- 
ing minute degrees of heat. It will detect a change of temperature of 
.00001° C. The apparatus depends on the principle that when we 
warm one of the two wires from a battery, making the arms of an 
** electric bridge," a diminished current is caused by the heat, and the 
needle of a galvanometer may thus be made to move. 



CONCLUSION. 

"Science is a psalm and a pnyer/*— Pabkul 

Nowhere in nature do we find chance. Every event is 
governed by fixed laws. If we would accomplish any result 
or perform any experiment, we must come into exact har- 
mony with the universal system. If we deviate from the 
line of law by a hair's breadth, we fail. These laws have 
been in operation since the creation, and all the discoveries 
of science prove them to extend to the most distant star in 
space. A child of to-day amuses itself with casting a stone 
into the brook and watching the widening curves ; little 
antediluvian children may have done the same. A law of 
nature has no force of itself ; it is but the manner %n which 
force acts. 

We cannot create force. We can only take it as a gift 
from God. We find it everywhere in Nature ; so that 
matter is not dumb, but full of inherent energy. A tiny 
drop of dew sparkling on a spire of grass is instinct with 
power : Gravity draws it to the earth ; Chemical AflSnity 
binds together the atoms of hydrogen and oxygen ; Cohesion 
holds the molecules of water, and gathers the drop into a 
globe ; Heat keeps it in the liquid form ; Adhesion causes 
it to cling to the leaf. If the water be decomposed. Elec- 
tricity will be set free ; and from this. Heat, light. Mag- 
netism, and Motion can be produced. Thus the commonest 
object becomes full of fascination to the scientific mind, 
since in it reside the mysterious forces of Nature. 

These various forces can be classified either as attractive 
or repellent. Under their influence the atoms or molecules 
resemble little magnets with positive and negative poles. 
They therefore approach or recede from one another, and 
so tend to arrange themselves according to some definite 
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plan. ''The atoms march in time, moYing to the music of 
law/' A crystal is but a specimen of ''molecular archi- 
tecture'* built up by the forces with which matter is 
endowed. Forces continually ebb and flow^ but the sum of 
energy through the universe remains the same. In time all 
the possible changes may be rung^ and the various forms of 
energy subside into one uniformly-diffused heat-quiver, but 
in that will exist the representation of all the forces which 
now animate creation, and, as we believe, matter and force 
will perish only together. 

The forces of Nature are strangely linked with our lives. 
Everywhere a Divine Hand is developing ideas tenderly and 
wondrously related to human needs. To the thoughtful 
mind all phenomena have a hidden meaning. 

** To matter or to force 

The all is not conflned ; 

Beside the law of things 

Is set the law of mind ; 

One speaks in rock and star. 

And one within the brain. 

In nnison at times. 

And then apart again. 
And both in one have brought ns hither, 
That we may know oar whence and whither. 

** The sequences of law 

We learn through mind alone ; 

We see bat outward forms. 

The soul the one thing known; 

If she speak truth at all. 

The voices must be true 

That give these visible things. 

These laws, their honor due, 
BatteH of One who brought us hither. 
And holds the keys of whence and whither. 

** He in His science plans 

What no known laws foretell ; 

The wandering fires and fixed 

Alike are miracle : 

The common death of all, 
. The life renewed above. 

Are both within the scheme 

Of that all-circling love. 
The seeming chance that cast us hither 
Aooomplishes His whence and whither.** 



X. 



APPENDIX. 



QUESTIONS. 

The following questions are those which the author has used in his 
classes, both as a daily review and for examination. A standing 
question, which has followed every other question, has been : " Can 
you illustrate this ? " Without, therefore, a particular request, the pupil 
has been accustomed to give as many practical examples as he could, 
whenever he has made any statement or given any definition. The 
figures refer to the pages of the book. 

I. Introdnction. — Define matter. A body. A substance. Name 
and define the two kinds of properties which belong to each substance. 
State the suppositions of the Atomic Theory. What is a molecule? 
An atom? 

14. Describe the two kinds of change to which matter may be sub- 
jected. What is the principal distinction between Philosophy (Physics) 
and Chemistry? Mention some phenomena which belong to each. 
Why are these branches intimately related ? 

15. Name the general properties of matter. Define magnitude. 
Size. Distingruish between size and mass.* (See notes, pp. 21, 53.) 
Why are feathers light and lead heavy ? Why is it necessary to have a 
standard of measure? What are the French and English standards? 

* *' In a rude age, before the invention of means for overooming frictioii, the weig^ 
of bodies formed the chief obstacle to setting them in motion. It was only after 
some pn^^resB bad been made in the art of throwing missiles, and in the use of wheel* 
carriages and floating vessels, that men's minds became practically impressed with 
the idea of mass as distinguished from weight. Accordingly, wliile abnost all tlie 
metaphysdans who discussed the qoality of matter assigned a prominent place to 
weiglit among tlie primary qualities, few or none of them perceived that the sole 
unalterable property of matter is its mass. At the revival of science this property 
was expressed by the phrase *The inertia of matter; * but while the men of science 
understood by this term the tendency of the body to persevere in its state of motion 
(or rest), and considered it a measurable quantity, those phUosophers who were 
unacquainted with science understood inertia in its literal sense as a quality— mere 
want of activity or laziness. I therefore recommend to the student that he should 
impress his mind with the idea of mass by a few experiments, such as setting in 
motion a grindstone or a well-balanced wheel, and then endeavoring to stop it. 
twirling a long pole, etc., tlU he comes to associate a set of acts and sensations with 
die adentific doctrines oif dynamics, and he will never afterward be in any danger 
ci Uxmt ideas on these subjects."— Jtf&rwr/T^ Thwry o/Heat^ p. 85. 
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Give the history of the English standard. (See pp. 23, 24.) Is the 
American yard an exact copy of the English ? Give an account of the 
French system. By what name is this system commonly known ? Is 
either of these s>'stems founded on a natural standard? Why is it 
desirable to have such a standard ? 

16-17. Define Impenetrability. Give some apparent exceptions, and 
explain them. Define Divisibility. Is there any limit to the divisi- 
bility of matter? Define Porosity. Is the word porous used here in 
its common acceptation ? Compare the size of an atom or a molecule 
with that of a pore. What practical use is made in the arts of the 
property of porosity? Describe the experiment of the Florence 
academicians. 

18. Define Inertia. Does a ball, when thrown, stop itself ? Why is 
it difficult to start a heavy wagon ? Why is it dangerous to jump from 
the cars when in motion ? (Compare First Law of Motion, p. 28.) 
Define Indestructibility. Did the earth, at its creation, contain the 
same quantity of matter that it does now? 

19. Name the specific properties of matter. Define Ductility. How 
is iron wire made? Platinum wire? Gilt wire? Define Malle- 
ability. 

20. Describe the manufacture of gold-leaf. Is copper malleable? 
Define Tenacity. Name and define the three kinds of Elasticity. 
Illustrate the elasticity of compression as seen in solids. In liquids. 
In gases. What is said about the relative compressibility of liquids 
and gases ? 

21. Illustrate the elasticity of expansion as seen in solids, liquids, 
and gases. Define Elasticity of Torsion. What is a Torsion balance ? 
Define Hardness. Does this property depend on density? Define 
Density. Define Brittleness. Is a hard body necessarily brittle? 
Name a brittle and a hard body. 

II. Motion and Force. — Define motion, absolute and relative. 
Rest. Velocity. Force. What are the resistances to motion ? Tell 
what you can about friction. Why does oil diminish friction ? (See 
p. 39.) What uses has friction ? What law governs the resistance of 
air or water? Define Momentum. 

28-30. Show that motion is not imparted instantaneously. State the 
three laws of motion and the proof of each. If a ball be fired into the 
air when a horizontal wind is blowing, will it rise as high as if the air 
were still? Describe the experiments with the collision balls. Give 
practical illustrations of action and reaction. If a bird could live, 
could it fly in a vacuum? Define compound motion. 

31. Define the so-called ** parallelogram of forces." The resultant. 
How can the resultant of twg or more forces be found ? Name some 
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practical illustrations of compound motion. What is the "resolution 
of forces ? " 

32. Show how one vessel can sail south and another north, driven 
by the same westerly wind. Explain how a kite is raised. Explain 
the ** split-shot" in croquet. 

33. Explain the towing of a canal-boat. Describe how motion in a 
curve, and circular motion are produced. Explain the centripetal and 
centrifugal forces. 

34. Show when the centrifugal force becomes strong enough to over- 
come the force of Cohesion. Of Adhesion. Of Gravity. Apply the 
principle of circular motion to the revolution of the earth about the 
sun. What effect does the revolution of the earth on its axis have 
upon all bodies on the surface ? 

35. What would be the effect if the rotation were to cease ? Describe 
the action of the centrifugal force on a hoop rapidly revolved on its 
axis. What is the Gyroscope ? Define reflected motion. 

36. Give its law. What is Energy, in the Physical sense of the word? 
To what is it proportional ? Name and define the two forms of energy. 
How may one form be changed into the other ? 

37. What is the law of the Conservation of Energy? What did 
Faraday say with regard to this law (p. 40) ? 

III. Attraction. I. Molecular Forces. — Define a molecular force. 
What two opposing forces act between the molecules of matter? How 
is this shown? What is the repellent force? Name the attractive 
forces. Which of these belong to Physics ? 

1. Cohesion. — Define. What are the three states of matter ? Define. 
How can a body be changed from one state to another ? 

44. Show that cohesion acts only at insensible distances. Explain 
the process of welding. Why cannot all metals be welded ? Why do 
drops of dew, etc., take a globular form ? Why do not all bodies have 
this form? Illustrate the tendency of matter to a crystalline struc- 
ture. 

45. Has each substance its own form ? Why is not cast-iron crystal- 
line ? Why do cannon become brittle after long use ? 

46. Describe the process of tempering and annealing. Explain the 
Rupert's drop. How is glassware annealed ? 

2. Adhesion. — Define. What is the theory of filtering through 
charcoal? Of what use is soap in making bubbles ? Define Capillary 
Attraction. Why will water rise in a glass tube, while mercury will be 
depressed ? Is a tube necessary to show capillary attraction ? What 
is the law of the rise in tubes ? 

48. Give practical illustrations of capillary action. Why will not 



260 QTTESTIOKS. 

old cloth shrink as well as new, when washed ? What is the cause of 
solution? Why is the process hastened by pulverizing? 

49. Tell what you can about gases dissolving in water. Why does 
the gas escape from soda-water as soon as drawn ? Why do pressure 
and cold favor the solution of a gas ? Describe the diffusion of liquids. 
Of gases. 

50-1. Describe the osmose of liqujds. Of gases. Why do rose- 
balloons lose their buoyancy? What is the difference between the 
oimose and the diffusion of gases ? 

II. Gravitation. — How does gravitation differ from Cohesion and 
Adhesion ? What is the law of gravitation ? Why does a stone fall 
to the gpround ? Will a plumb-line near a mountain hang perpendic- 
ularly? Why do the bubbles in a cup of tea gather on the side? How 
is the earth kept in its place ? Define Gravitation. Gravity. Weight. 

53. State the three laws of weight. What is a vertical or plumb- 
line? 

54-5. State the four laws of falling bodies. Describe the "guinea- 
and-feather experiment." What dees it prove?* Give the equations 
of falling bodies. 

56. How can the time of a falling body be used for determining the 
depth of a well ? How does gravity act upon a body thrown upward ? 
What velocity must be given to a ball to elevate it to any point ? How 
high will it rise in a given time ? When it falls, with what force will it 
strike the ground? Define the Centre of Gravity. The line of direc- 
tion. The three states of equilibrium. 

57-8, How may the centre of gravity be found? Give the general 
principles of the centre of gravity. Describe the leaning tower of 
Pisa. State some physiological applications of the centre of gravity. 
Why do fat people always walk so erect ? 

59-60. Define the Pendulum. Arc. Amplitude. What are isochro- 
nous vibrations ? State the three laws of the pendulum. Who dis- 
covered the first law? (See p. 65.) What is the centre of oscillation?! 
How is it found ? What is the centre of percussion? 



*'*It Is difficult for many pupils to understand how, under influence of gravity 
alone, all bodies fall with equal rapidity. An illustration, which is usually effective, 
to that of a number of bodies of the same kind, say bricks, which will separately fall 
in the same space of time. The pupil wiU admit that, if all of them are connected 
together, inasmuch as nothing is thereby added to their weif(ht, there is no reason 
why the mass of bricks should not fall in the time of a single one, notwithstanding 
It is a larger body."— »^«r. H. Taylor, 

t "Take a flat board of any form and drive a piece of wire through it near its 
edge, and allow it to hang in a vertical plane, holding the ends of the wire by the 
finger and thumb. Take a small bullet, fasten it to the end of a thread, and allow the 
thread to pass over the wire so that the bullet hangs close to the board. Move die 
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61-9. Describe the pendulum of a clock. How is a clock regulated? 
Does it gain or lose time in winter? Describe the gridiron pendulum. 
The mercurial pendulum. Name the various uses of the pendulum. 
Describe Foucault's experiment. 

IV. The Elements of Machines. — Name and define the elements 
of machinery.. Do the ** powers," so called, produce energy? What is 
the law of mechanics ? Illustrate the law. What is a lever ? Describe 
the three classes of levers. The law of equilibrium. 

71. What is the advantage peculiar to each class? Describe the 
steelyard as a lever. What effect does it have to reverse the steeljrard ? 
Describe the arm as a lever. (See Physiology^ p. 48.) Would a lever 
of the first class answer the purpose of the arm ? Describe the com- 
pound lever. 

72-3. The hay scale. The wheel and axle. Its law of equilibrium. 
Describe a system of wheel-work. At which arm of the lever is the P. 
applied ? * 

74. Describe the various uses of the inclined plane. Its law of 
equilibrium. What velocity does a body acquire in rolling down an 
inclined plane? Give illustrations. 

75-6. Describe the screw. Its uses. Its law of equilibrium. How 
may its power be increased? What limit is there? Describe the 
wedge. Its uses. Its law of equilibrium. How does it differ from 
that of the other powers? Describe the pulley. The use of fixed 
pulleys. Is there any gain of P. in a fixed pulley ? 

77-8. What is the use of a movable pulley? Describe a movable 
pulley as a lever. Give the general law of equilibrium in a combination 
of pulleys. What part of the force is lost by friction? What are 
cumulative contrivances? Is perpetual motion possible? 

V. Pressure of Liquids and Gases, i. Hydrostatics. — Define. 
What liquid is taken as a type ? What is the first law of liquids ? 
Explain. Illustrate the transmission of pressure by water. Show how 



hand by which you hold the wire horizontally in the plane of the board, and observe 
whether the board moves forward or backward with respect to the ballet. If it 
moves forward, lengthen the string, if backward, shorten it until the bullet and the 
board move together. Now mark the point of the board opposite the centre of the 
tmllet, and fasten the string to the wire. You will find that, if you hold the wire by 
the ends and move it in any manner, however sudden and irregular, in the plane of 
the board, the bullet will never quit the marked spot on the board. Hence this spot 
is called the centre of oscillation, because, when the board is oscillating about the 
wire when fixed, it oscillates as if it consisted of a single particle placed at the root. 
It is also called the centre of percussion, because, if the board is at rest and the wire 
is suddenly moved horizontally, the board will at first begin to rotate about the spot 
as a centre."— 7" Clerk MaxweU^ on Matter and Motion^ p. 104. 
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water is used as a mechanical power. Describe the hydrostatic press. 
Give its law of equilibrium. 

86-90. What are the uses of this press ? What pressure is sustained 
by the lower part of a vessel of water, when acted on by gravity alone ? 
How does this pressure act ? State the four laws which depend on this 
principle, and illustrate them. What is the weight of a cubic foot of 
sea water? Freshwater? What is the pressure at two feet? Give 
illustrations of the pressure at great depths. Describe the hydrostatic 
bellows. Its law of equilibrium. What is the hydrostatic paradox ? 
Give illustrations. Give the principle of fountains. How high will 
the water rise ? How do modem engineers carry water across a river ? 
Did the ancients understand this principle? Give the theory of the 
Artesian well, and of ordinary wells and springs. 

91-2. Give the rule for finding the pressure on the bottom of a ves- 
sel. On the side. Define the water-level. Is the surface of water 
horizontal ? If it were, what part of an approaching ship would we 
see first ? Describe the spirit-level. Define specific gravity. What is 
the standard for solids and liquids? For gases? Explain the buoyant 
force of liquids. 

93. What is Archimedes' law? (p. 119.) Describe the " cylinder- 
and-bucket experiment." What does it prove? Give the method of 
finding the specific gravity of a solid. 

94-6. A liquid. Is it necessary to use a specific gravity flask hold- 
ing just 1000 3ZS. or would any size answer? Suppose the solid is 
lighter than water and will not sink, what can you do? Explain the 
hydrometer. How can you find the weight of a given bulk of any 
substance? The bulk of any given weight ? The exact volume of a 
body? Illustrate the action of dense liquids on floating bodies. Why 
will an iron ship float on water? Where is the centre of gravity in a 
floating body? How do fish sink at pleasure ? 

2. Hydraulics. — Define. To what is the velocity of a jet equal? 
How is the velocity found ? Give the rule for finding the quantity of 
water which can be discharged from a jet in a given time. What is the 
effect of tubes ? Tell something of the flow of water in rivers. 

99-102. Name and describe the different kinds of water-wheels. 
Which is the most valuable form ? What is the principle of the Tur- 
bine ? Describe Barker's Mill. How are waves produced ? Explain 
the real motion of the water. How does the motion of the whole wave 
differ from that of each particle ? How is the character of waves mod- 
ified near the shore ? What is the extreme height of * * mountain waves ? " 
Define like phases. Unlike phases. A wave-length. What is the 
effect if two waves with like phases coincide ? With unlike phases ? 
What is this termed ? 
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3. Pneumatics.^ Define. What principles are common to liquids 
and gases ? What gas is taken as a type? Describe the air-pump. 
Can a perfect vacuum be obtained in this way? (See p. 118.) What is 
the condenser? Its use ? Prove that the air has weight. 

105. Show its elasticity and compressibility. Describe the bottle- 
imps. What principles do they illustrate? Show the expansibility 
of the air. 

106-7. Describe the experiments with the hand-glass. The principle 
of Hero's fountain. The Magdeburg hemispheres. What do they 
prove ? Show the upward pressure of the air. 

108. The buoyant force of the air. Would a pound of feathers and 
a pound of lead balance, if placed in a vacuum ? On what principle 
does a balloon rise? What is the amount of the pressure of the air? 
Describe the experiment illustrating this. Where do* these figures 
apply ? 

109-10. Describe how the pressure of the air constantly varies. 
Explain Mariotte's (called also Boyle's) law. Describe the barometer. 
Its uses. Are the terms ** fair," " foul," etc., often placed on the scale, 
to be relied upon? Why is mercury used for filling the barometer? 
Describe Otto Guericke's barometer. 

Ill— 13. Describe the action of the lifting-pump. The force-pump. 
The fire-engine. Compare the action of the lifting-pump with that of 
the air-pump. What is a siphon ? Explain its theory. 

1 14-16. Describe the pneumatic inkstand. The hydraulic ram. The 
atomizer. Show how a current of air drags with it the still atmos- 
phere. What opposing forces act on the air? How high does the air 
extend ? How does its density vary ? 

VI. Acoustics. — Define. Name and define the two senses of this 
word. May not the terms 'Might," "heat," etc., be used in the Same 
way ? Illustrate the formation of sound by vibrations. 

124—5. Show how the sound of a tuning-fork is conveyed through 
the air. The report of a g^n. The sound of a bell. The human 
voice. Define a sound-wave. In which direction do the molecules 
of air vibrate ? In what form do the waves spread ? Can a sound 
be made in a vacuum? Can a sound come to the earth from the 
stars ? 

126. How do sounds change as we pass above or below the sea- 
level ? Upon what does the velocity of sound depend ? Why is this ? 
At what rate does sound travel in the air? In water? In the metals? 
In iron (p. 145)? What effect does temperature have on the velocity 
of sound ? 

127. Do all sounds travel at the same rate ? How does the velocity 
of sound enable us to determine distance? Upon what does the in- 
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tensity of soaad depend ? At what rate does it diminish ? Why ? 
State wherein the laws of sound are similar to those of other phe- 
nomena. What does this uniformity prove ? 

128. Explain the speaking-tube. The ear-tnimpet. Describe Biot's 
experiment in the water-pipes of Paris. The speaking-trumpet. What 
is the refraction of sound ? 

129-30. Define reflection of sound. What is the law? Give some 
curious instances of reflection (p. 145). What is the shape of a whis- 
pering-galleiy ? Illustrate the decrease of sound by repeated reflection. 
Why are sounds more distinct at night than by day? Is it desirable to 
have a door or a window behind a speaker? What causes the ** ring- 
ing " of a sea-shell ? How are echoes produced ? When is the echo 
repeated ? Illustrate the decrease of sound by reflection. What are 
acoustic clouds ? * 

* **Tbie faiflnence of wind on the intently of sound seems due to the fact that, 
Ofwing to obatmctioiis oppoeed by the ground, there is a conaderable difierence 
be t ween the velocity of the wind dose to the ground and the velocity at the height 
of a few feet above the ground. Thus in a meadow the vdodty of the wind at one 
foot above the surface may be only half what it is at eight feet above the surface. 
Let us take the velocity of sound at z 100 feet per second, and suppose that the veloc- 
ity of a oontnuy wind is zo feet per second at the surface, and 90 feet per second at 
the beii^it of 8 feet above the surfece. Thus, considering thb circumstance alone, the 
wave of sound at the end of a second would be at the surface 10 feet in advance of its 
position at 8 feet above the surface ; so that the front of the wave instead of beii^ a 
vertical plane would be incUned to the horizon. Thus the sound instead of proceed- 
ing horizontally becomes turned upward. It only remains to add that this tilting of 
tlie front of the wave is not delayed until the end of a second, but begins at the origin 
of the sound and increases gradually. Hence a ray of sound, so to speak, instfad of 
travelling horizontally is curved upwards, and thus passes over the head of a person 
stationed at a distance from the origin. A contrary wind then diminishes the inlen- 
iity of sound by lifting the sound off the ground, and the amount of this lifting 
increases as the distance from the origin increases. The various consequences which 
may be deduced from the preceding theory have been verified by experiments. Thus 
It follows that a listener when the wind is contrary may expect to recover a sound, 
which he has lost at a certain distance from its orig^, by ascending to some height 
above the surface. Also the influence of a wind will be but small if the surfiux be 
very smooth; thus sounds are heard against the wind much farther over calm water 
than over land. Again, suppose the origin of the sound to be devated above the 
surface : then if the listener be also raised above the surface he may hear a very 
loud sound made up of two parts, namely, that which has travelled horizontally, and 
that which has been tilted upwards from the ground by the action of the contrary 
wind. Next, suppose the wind to be favorablt instead of contrary. In this case the 
higher part of the wave of sound moves more rapidly than the lower, and so the 
plane firontof the wave is tilted forward^ and the ra3rs of sound are bent dowmmard 
to the advantage of the listener on the ground. Thus the influence of the wind on 
sound has been shown to depend on the circumstance that when the wind is blowing, 
the velocity of sound is different at different heights above the ground : similar effects 
will therefore follow if this difference of velocity is produced by any other cause 
instead of by the wind. Now change of temperature affects the velocity of sound: 
if the temperature rise one degree of Fahrenheit's thermometer the velocity increases 
by about a foot per second. In general, as we ascend in the air during the day the 
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idi'S- What is the difference between noise and music? Upon 
what does pitch depend ? Describe the siren. How is it used to de- 
termine the number of vibrations in a sound ? How is the octave of 
any note produced ? How can we ascertain the length of the wave in 
sound ? What length of wave produces the low tones in music? The 
high tones ? Give the illustration of the locomotive whistle.* When 
are two tones in unison? How can we find the length of the wave in 
any musical sound ? What is meant by the super-position of sound- 
waves? 

134. How can two sounds produce silence? What is this effect 
termed ? Illustrate interference by means of a tuning-fork. What are 
" beats " ? Describe the vibration of a cord. 

135-7. Describe the sonometer. What is the object of the wooden 
box ? Give the three laws of the vibration of cords. What is a node ? 
Describe the experiments illustrating the formation of nodes. What 
are acoustic figures ? Nodal lines ? 

138-40. What is the fundamental tone of a cord? A harmonic? 
What causes the difference in the sound of various instruments ? Does 
a bell vibrate in nodes? The violin-case? A piano sounding-board? 
State the fractions representing the relative rates of vibration of the 
different notes of the scale. How is the sound produced in wind- 
instruments? How is the sound-wave started in an organ-pipe? In a 
flute ? What determines the pitch ? What are S3rmpathetic vibrations ? 
Describe the resonance globe. What is a sensitive flame ? 

14.I. A singing flame ? Describe the phonograph. The ear. What is 

temperature decreases, and therefore so also does flie velocity of sound. Thus the 
result is the same as in the case of a contrary wind ; the ray of sound is lifted over 
the head of a person on the ground, so that the audibility of the sound is diminished. 
The {H'esence of vapor in the atmoq>here also affects the propagation of sound; th* 
velocity increases as the quantity of vapor increases. The direct effect, however, is 
very slight, but indirectly the vapor is of consequence, for it gives to the air a greater 
power of radiating and absorbing heat, and so promotes inequality of temperature. 
The variation of temperature is greatest when the sun Is shining, so that it is greater 
by day than by night, and greater in summer than in winter. Hence, according to 
the theory now explained, sounds ought to be heard more plainly by night than by 
day, and more plainly in winter than in summer. That sounds are heard more 
plainly by night than by day is a well-known fiu;t. We have supposed that the 
temperature decrease* as we ascend in the atmo^here ; but it may happen on some 
occanon that the temperature at the surface Is lower than it b a little above the snr- 
fiure. This may be the case for instance over the surface of the sea in the day time, 
and over the surface of the land by night. Thus the effect on sound will be similar 
to that of a favorable wind. It is obvious that by the combined hifluence of wind 
and temperature the results produced may vary much as to degree ; for instance, the 
operation of a contrary wind may be neutralized by that of flie temperature riang 
as we ascend above the surface.'* See Proceedings of the Royal Society of Great 
Britain, volumes XXII and XXIV. 

* A speed of 40 miles per hour will sharpen the tone of the whistle of an ftpproadi- 
iog txain by a semitone. 
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the object of the Eustachian tube ? Is there any opening between the 
external and internal ear ? What effect does it have on the hearing to 
increase or diminish the pressure of the air? How does a concussion 
sometimes cause temporary deafness? How can this be remedied? 
What are the limits of hearing? Does the range vary in different 
persons ? What sounds are generally heard most acutely ? Are there 
probably sounds in nature we never hear ? Has nature a tendency to 
music ? What causes the " whispering of the pines " ? What is the key 
of nature? 

VII* Optics. — Define. A luminous body. A non-luminous body. 
A medium. A transparent body. A translucent body. An opaque 
body. A ray of light. 'Show that neither air nor water is perfectly 
transparent. Why is the sun's light fainter at sunset than at mid-day ? 
Define the visual angle. Show how distance and size are intimately 
related. 

150. State the laws of light. Do they resemble those of sound? 
What is the velocity of light? How is this proved? Explain the 
undulatory theory of light. 

151. How does light-motion differ from sound-motion? What is 
diffused light ? Why are some objects brilliant and others dull ? Why 
can we see a rough surface at any angle, and an image in the mirror at 
only a particular one ? Would a perfectly smooth mirror be visible ? 
How does reflection vary? Define mirrors. Name and define the 
three kinds. 

152. What is the general principle of mirrors? Why is an image in 
a plane mirror symmetrical ? Why is it reversed right and left ? Why 
is it as far behind the mirror as the object is before it ? 

153-6. Why can we often see in a mirror several images of an object ? 
Why can we see these best if we look into the mirror very obliquely? 
Why is an image seen in water inverted ? When the moon is near the 
meridian, why can we see the image in the water at only one spot ? 
When do we see a tremulous line of light ? What is the action of a 
concave mirror on rays of light ? Define the focus. Centre of curva- 
ture. Focal distance. Describe the image seen in a concave mirror. 
What are conjugate foci? Describe the image seen in a convex mir- 
ror. Why is it smaller than life? Why can it not be inverted like one 
seen in a concave mirror? Define total reflection. 

157. Define Refraction. Does the partial reflection of light as it 
passes from one medium to another of different density have a parallel 
in sound ? Why is powdered ice opaque while a block of ice is trans- 
parent? Give illustrations of refraction. 

158. Why does an object in water appear to be above its true place? 
What is the general principle of refraction ? State the laws of ref rac- 
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tion. Describe the path of a ray through a window-glass. Is the 
direction of objects changed ? Describe the path through a prism. 

159-61. Name and describe the different kinds of lenses. What is 
the effect of a double-convex lens on rays of light ? What is this kind 
of lens often called? Describe the image. Why is it inverted after we 
pass the principal focus ? Why is it decreased in size ? What is the 
effect of a double-concave lens on rays of light ? Describe the image. 
Why can it not be inverted like one through a double-convex lens? 
Describe the images seen in the large vases in the windows of drug- 
stores. What is Aberration ? * 

162. What is a mirage ? Give its cause. 

163. How is the solar spectrum formed ? Name the seven primary 
colors. Show that these seven will form white light. Why are the 
rays separated ? What is meant by the dispersive power of a prism ? 
What apparatus possesses this power in a high degree? Ans, A 
triangular bottle filled with a liquid called carbon disulphide (CA^m- 
istry, p. 118). What three classes of rays compose the spectrum ? Do 
artificial lights differ in their proportion of these rays ? Why does the 
window of a photographer's dark room sometimes contain yellow 
glass ? 

164-7. Describe the three kinds of spectra. The spectroscope. 
What are its uses ? Describe rainbows — primary and secondary. Why 
is the rainbow circular? How is the rainbow formed? Why must it 
rain and the sun shine at the same time, to produce the bow? Why 
is the bow in the sky opposite the sun ? How many refractions and 
reflections form the primary bow ? The secondary ? How many colors 
can one receive from a single drop ? Define complementary colors. 
How can they be seen ? What is the effect of complementary colors 

* To prevent spherical aberration the pupil of the eye caa be made very smalL 
The photographer reaches the same result by the use of a diaphragm with a small 
aperture ** The power of a small orifice to correct the greatest amount of distortion 
from interfering rays is shown by a simple experiment. The normal eye of an adult 
cannot see to read small print nearer than six inches. Within that distance the type 
becomes more indistinct the closer it approaches the eye. But if we make a pinhole 
through a card and place it close to the eye, we can see to read printed matter of any 
aze even as near as half an inch from the eye. At that distance we can see even the 
texture of fine cambric with microscopic definition. The cause of this is easily expli- 
cable. The rays striking the lens perpendicularly on the centre suffer no refraction. 
The effect of the pinhole is to exclude all rays but those that impinge ]>erpendicularly 
on the centre of the eye lenses. Hence the image of the object close in front of the 
eye is pictured on the retina without the interference of the surrounding ra]^, which 
would fall obliquely on the lens, and being refracted out of focus would blur the 
picture. Observation of the effect of a small orifice in correcting aberrant rays, 
and of the fact that the pupil contracts in near vision, led Haller and some oth^ 
physiologists to believe that contraction of the pupil was the sole factor in near 
accommodation. But this view has been sufficiently refuted by Other observers.**^ 
Dr, Dudgeon^* " Human Eye," p. 76, 
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when brooght in contiast ? (In Fig. 163 opposite colors are comple- 
mentaiy.) Whj do colors seen bj artificial light appear differently 
than bj daj-light — as yellow seems white, blue turns to green, etc.? 

x68. Describe Newton's rings. How are these explained according 
to the wave theory? ¥niat causes the play of color in mother-of-pearl? 
In soap-bubbles ? In the scum on stagnant water ? In thin la3rers of 
mica or quartz ? 

169. What can be said about the length of the waves ? State the 
analogy between color and pitch in music. Why is grass green? 
VThen is a body white ? Black ? ¥niat is color-blindness ? 

170. What is double refraction? What are the two ra3rs termed? 
What is polarized light? How does a dot appear through Iceland 
spar? What other methods are there of polarizing light ? State some 
illustrations and practical uses of polarized lighL 

171. VThat is the meaning of the word microscope ? Describe the 
simple microscope. The compound microscope. How is the power 
of a microscope indicated ? Do we see the object directly in a micro- 
scope ? Why is the object-lens made so small and so convex ? 

172-3. What is the meaning of the word telescope? Describe the 
reflecting telescope. The refracting telescope. What is the use of the 
object-lens ? The eye-piece ? Is the image inverted ? Describe the 
opera-glass. 

174. The stereoscope. The magic lantern. How are dissolving 
views produced ? 

I75'7- Describe the Camera. The structure of the eye.* The 
formation of an image on the retina. The adjustment of the eye. The 
cause of near and far sightedness. The remedy. Why do old people 
hold a book at arm's length? Illustrate the duration of an impression. 
What is the range of the eye ? 

* " In the skaters eye, and geneimUy in die eyes of fishes, the ooraea b neaily quite 
flat, the aqueous humor is insignificant, and there Is virtually no anterior chamber, 
for the crystalline lens comes up dose to the cornea. A convex ovnea filled by an 
aqueous humor would be of no use in the water, the refractive index of the water 
being identical with that of the aqueous humor. Accordingly the refraction of the 
rays of light has to be effected entirely by the crystalline lens, which is nearly 
spherical, and of much greater refractive power than the corresponding^ organ in 
animals which pass their lives in the air. The crystalline lens being so nearly spher- 
l«l to shape and of such high refractive power, the axis of the eye is short. The eye 
of the turtle which is so much in the water, b very similar to that of the fish. The 
cryrtaUine lens b very near the cornea. The lens b smaller proportionally than that 
Of the slate, nor b it nearly so spherical; and its density, and consequently its refrac- 
«_JJ^cpower, b somewhat less. Hence H has proportionally a longer fiacus. The 
coma is more convex than that of tiie skate. The fish having no eyelids nor any 
thA fa^i f***™**^ ^*» cornea wHl be apt to become dim by exposure to the ah", but 
nawv^ftw'^^ ««PPUed witii tiie requisite apparatus for maintaining die trans- 
butthevH ^* *" ^^^' OP'»*<^i»«» reptiles have no eyelids or bcfarymal apparatus, 
J>f4i»o»*t^ ff^ '©quire tiiem, as their cornea b tntn^Mureot though dry."— iV. 
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VIII. Heat. — Define laminous heat Obscure heat A diather- 
manous body. (See p. 205.) Cold. Gases and vapors. Show the 
intimate relation between light and heaL ¥niat is light? How do 
the three classes of lays in the solar spectrum differ? What effect 
does each of these produce ? VThat is the theory of heat ? Why can 
we not see with our fingers or taste with our ears ? At what rate does 
nerve-motion travel? (See Physiology^ p. 159.) How long does it 
take a tall man to find out what is going on in his foot? 

185—7. Name the sources of heat. Describe and illustrate each of 
these. Can force be destroyed ? If apparently lost, what becomes of 
it? What is Joule's law? Define latent, sensible, and specific heat. 
Explain the paradox, " that freezing is a warming process and thawing 
a cooling one." Why does '" heat expand and cold contract " ? What 
do you say as to the expansion of solids, liquids, and gases? Illustrate 
the expansion of solids. Is it better to buy alcohol in sununer or in 
winter? What is the thermometer ? Describe it. Describe the pro- 
cess of filling and grading. The F., C, and R. scales. Tell what you can 
about liquefaction. Of a solid. Of a gas. In one case sensible heat 
becomes latent, in the other latent heat becomes sensible — ^why is this? 

188-90. Explain how a freezing mixture *' makes ice-cream." State 
the theory of vaporization. Of distillation. Since rain comes from the 
ocean, why is it not salt ? Describe the theoiy of boiling. What is the 
boiling-point? Do all liquids boil at the same temperature ? What 
would be the effect, if this were the case ? Upon what does the boiling- 
point depend ? Why does pressure raise the melt. pt. of most sub- 
stances but lessen that of ice (See notes pp. 190 and 202) ? Why does 
salt-water boil at a higher temperature than fresh-water? Why will 
milk boil over so easily ? Why will soup keep hot longer than boiling 
water ? Does the air, dissolved in water, have any influence on the 
boiling-point ? (p. 202.) Can you measure the height of a mountain by 
means of a tea-kettle and a thermometer? Show how cold water may 
be used to make warm water boil. At what temperature will water 
boil in a vacuum ? Why? Can we heat water in the open air above 
the boiling-point? What becomes of the extra heat? What is the 
latent heat of water? Upon what principle are buildings heated by 
steam ? Have you ever seen any steam ? 

191. Define evaporation. Does snow evaporate in the winter ? What 
can be done to hasten evaporation ? Why is a saucepan made broad ? 
Why do we cool ourselves by fanning? Why does an application of 
spirits to the forehead allay fever? Why does wind hasten the diying 
of clothes ? Describe a vacuum-pan. Why is evaporation hastened 
in a vacuum ? Why is evaporation a cooling process ? How is ice manu- 
factured in the tropics ? What is the spheroidal state? 

192-3. Name and define the three modes of communicating heat* 
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Give illustrations showing the relative conducting power of solids, 
liquids, and gases. What substances are the best conductors? Is 
water a good conductor? Air? What is the principle of ice-houses? 
Fire-proof safes ? Why do not flannel and marble appear to be of the 
same temperature? Is ice always of the same temperature ? Describe 
the convective currents in heating water. Where must the heat be 
applied? Where should ice be applied in order to cool water? De- 
scribe the convective currents in heating air. Upon what principle 
are hot-air furnaces constructed ? Ought the ventilator at the top of a 
room to be opened in winter ? At the bottom ? Is space warmed by 
the sunbeam ? 

194. Does the heat of the sun come in through our windows ? Does 
the heat of our stoves pass out in the same way? Show how the vapor 
In the air helps to keep the earth warm. Explain the Radiometer. •The 
relation between absorption and reflection. 

195. What is the elastic force of steam at the ordinary pressure of the 
air ? What is the difierence between a high-pressure and a low-pres- 
sure engine ? Which is used for a locomotive ? Why ? Describe the 
governor. What is the object of a fly-wheel ? 

197. How does the capacity of the air for moisture vary? What is 
the principle on which dew, rain, etc., depend ? Show that a change in 
density produces a change in temperature. What eflect does this have 
on the temperature of elevated regions? Does an ounce of air on a 
mountain-top contain the same quantity of heat as the same weight at 
the foot? How is dew formed? 

' 198-9. Upon what objects will it collect most readily? Why will 
it not form on windy nights ? Why is rice-straw used in Bengal in 
making ice? What is a fog? Why do fogs form over ponds in the 
early evening ? Cause of fogs over the Newfoundland banks ? How 
does a fog differ from a cloud ? Why do clouds remain suspended in 
the air, contrary to gravity ? Describe the different kinds of clouds. 
Describe the formation of rain. Snow. 

200-3. How are winds produced ? Land-and-sea breezes? Trade- 
winds? Oceanic currents? Tell about the Gulf Stream. Explain the 
influence which water has on climate. Of what practical use is the 
air in water? Describe the exception which exists in the freezing 
of water. Why is this made ? Describe the two processes by which 
pure water can be obtained. How is an excessive deposit of dew 
prevented ? 

IX. Electricity. — Give the origin of this word. Name the different 
kinds of Electricity. Define Magnetism. A Magnet. A natural 
magnet. An artificial one. A bar-magnet. A horse-shoe magnci. 
The poles. The magnetic curves. Describe a magnetic needle. What 
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is the law of magnetic attraction and repulsion ? Define magnetic in- 
duction. Explain it. 

213. When is a body polarized ? Give some illustrations of induced 
magnetism. Does a magnet lose any force by induction? How do 
you explain the fact that if you break a magnet each part will have its 
N. and S. poles? 

214-15. Describe the process of making a magnet. On what principle 
will you explain this ? Describe the compass. Is the needle true to 
the pole? What causes it to var}'? What is the line of no variation? 
Declination? Why does the needle point N. and S.? What is a dip- 
ping-needle? Explain. How is a needle balanced ? 

216-17. Where is the N. magnetic pole ? How would one know when 
he reached it? Does the earth induce magnetism? Which end of an 
upright bar will be the S. pole? How has the loadstone become 
polarized? Define frictional electricity. The electroscope. Differ- 
ence between static and d3'namic electricity. Show the existence of 
two kinds of electricity. Give the names applied to each. 

219. State the law. What is the theory of electricity ? Is it a polar 
force? Is it easily disturbed ? Define a conductor. An insulator. 

220-3. What is the best conductor? Best insulator? Is a poor 
conductor a good insulator ? When is a body said to be insulated ? 
Can electricity be collected from an iron rod ? Describe a plate-glass 
electrical-machine. What is the use of the chain at the negative pole ? 
Describe Holtz*s electrical machine. Define electrical induction. 
State Faraday's theory. 

224-5. What is the relation between induction and attraction and 
repulsion? Describe the electric chime. Explain. Describe the 
dancing images. The Leyden jar. What gives the color to the spark ? 
How is the jar discharged ? 

226-7. What are the essentials of a Leyden jar ? What is the object 
of the glass? The tinfoil? State the theory of the charging of the 
jar. Can an insulated jar be charged ? Is the electricity on the sur- 
face or in the glass ? Can the inner molecules of a solid conductor be 
charged ? Will a rod contain any more electricity than a tube ? Why 
is the^ prime conductor of an electrical -machine hollow? What is the 
^ect of points? Describe the electric whirl. Explain the existence 
of electricity in the atmosphere. What is the cause of lightning? 
Thunder? Is there any danger when you once hear the report? 
Describe the different kinds of lightning. Tell how Franklin discov- 
ered the identity of lightning and frictional electricity. (See p. 251.) 

228-9. What is the cause of the Aurora Borealis? How is this 
shown? Prove the intimate relation between the aurora and mag- 
netism. Tell what you can about lightning-rods. In what consists 
the main value of the rod? Does the lightning ever pass upward 
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from the earth ? Ams. It does, both quietly and by sudden discharge. 
Has Nature provided any lightning-rods? What is St. Elmo's fire? 
What is the velocity of electricity? Illustrate its instantaneous- 
ness. 

230-1. Name some of the effects of frictional electricity— ^i) Phys- 
ical, (2) Chemical, (3) Physiological. How are galvanic electricity and 
chemistry related ? Why is galvanic or voltaic electricity thus named? 
Tell the story of Galvani's discovery. (See p. 251.) What was his 
theoiy ? Give an account of Volta's discovery. How can we form a 
simple pile ? Describe the simple galvanic circuit. 

232. Define the poles. Electrodes. Closing and breaking the cir- 
cuit. What is necessary to form a voltaic pair? Are the terms 
applied to the metals the same as those to the poles ? Describe the 
chemical change. Why does the hydrogen come off from the copper? 
Tell what you can about the current. 

233. What really passes along the wire? How is this force trans- 
mitted? Will a tube, then, convey as much electricity as a rod? 
Explain the term electric potential. 

234-5. Describe Smee's battery. Grove's battery. The chemical 
change in this battery. What are the advantages of Grove's battery ? 
Describe Bunsen's battery. Daniell's battery. The sulphate-of-copper 
battery. Define quantity and intensity. Upon what do they depend? 
Compare frictional and galvanic electricity. 

236-9. State the effects of galvanic electricity, (i) Physical — ^heat 
and light ; (2) Chemical — decomposition of water, electrolysis, electro- 
typing, electro-plating, etc.; (3) Physiological. 

240. What is the effect of a voltaic current on a magnetic needle ? 
What is a galvanometer? An astatic needle? An electro-magnet? 
A helix ? Show how a helix can be magnetized. How are bar-magnets 
made? How is motion produced by electricity? Describe Page's 
rotating-machine. What is the principle of an electric engine? What 
difficulty is there in its practical use ? Describe the magnetic tele- 
graph. How is a message sent ? How is one received ? What is a 
sounder? What is the general principle of the telegraph ? Describe 
the relay. Name the use of each instrument. Define magnetic elec- 
tricity. Describe a magneto-electric machine. Describe Wild's 
machine. What are induced currents? Describe the Telephone. 
The Microphone. What is the difference between the acoustic and the 
magnetic telephone ? Explain Ruhmkorff 's coil. Thermal electricity. 
A thermo-electric pile. Describe the electric fish. 



TABLES, 



Prepttred by Dr. Wx. H. Tatuob, State Assayer and Chemist, and Profeiaor In 

High School, Bichmond. Va. 



I. LAWS OF FALLING BODIES. 

_ ^ In terms 

Pect, 

of 16 feet 

Velocity at end of 1st second = S2 =32 = 2xl«. 

" " "2d " =32 + 32 = 64 = 4 X 16. 

" " " 3d " = 32 + 32 + 32 = 96 = 6 X 16. 

The constant increase given by gravity for -every second is 32 feet. 

Distance for any second equals the mean between velocity at the 
beginning and velocity at the end of that second. 



_ t> at beginning - tj at end 



Hence, 



0+32 
Distance for 1st second = — — ~ 16 = 1 x 16, 



" " 2d •: = ^-t^ = 48 = 3 x 16. 



u « 8d " = ?i+?5 = 80 = 5 X 16. 
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D. ANALYSIS OF THE MOTION OF A FALLING BODY. 



1 space. 



Ut see I Aoqaired Telocity = 2 spaoea. 



9d ^ec. 



Sdsec. 



ifthsec. 



3 
Aoqaired yelodty = 4 spaces. 



5 spaces. 
Acquired Telocity ■=■ 6 spaces. 



7 
Acquired velocity = 8 spaces. 



Ispace = 16 ft 

Acquired Tdocity is ench as would 
cany the body orer Iwiee the 
space already passed in tame 
length of tkme^ without farther 
aid from graTity. Since j^v- 
itj does aU i<, however, to the 
extent of 16 It. a second, we 
must indade its aid in calcu- 
lating the entire space passed 
o^er. £x.: At the end of 3 
seconds the body has passed 
over 1 -I- 3 -I- 5 = 9 spaces. 
Twice this = 18 spaces ror the 
8 eecondSjOr 6 spaces for one 
second. These 6 spaces will 
be ntflixed daring the next 
(4th) Mcond, and, m addition, 
f^ravity will ftamish one space, 
making 7 spaces throng^ 
which the body will move 
during the 4th second. 



UI. SECOND LAW OF PENDULUMS. 



Time of Yibnition = 1 second. = 2 seconds. 



= Sseoonda 



Length = 29.1 in. 



Lengtli = 4 x 39.1 in... 



^ 



Length s 9 x 39.1 in. 
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^ liquids, sr 

Overtones, 138. 



Page's rotating machine, s4x. 
Pascal, 85, zao. 
Pendulum, 59. 
Percussion, Centre of, 6i« 
Perpetual motion, 78. 
Phonogxmph, i4x. 
Pinion, 73. 
Pisa, Tower of; 58. 
Pitch, 13Z. 
Platinum wire, 19. 
Plato, aa. 
Plumb-line, 54. 
Pneumatics, Z03. 
Pneumatic inkstand, 1x4. 
Polarization of light, 170. 

" electricity, 2x3, axg. 

Porosity, 16. 
Pressure of air, zo6. 
Prince Rupert's drop, 46. 
Prisms, 158. 
Pulley, 76. 
Pumps, zzx. 

Air, X03. 
Force, ixx. 

" Lifting, zza. 

•* Sprengel's air, xx8. 
Pythagoras, 146. 
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Radiometer, 193. 
Rain, Z99. 
Rainbow, 163. 



Reaction, 3a 
Reaction-wheel, xoa 
Reflected motion, 35. 
Reflection, Total, isl&. 
Refraction, Index of; 158L 
Regelation, aoe. 
Relay, 345. 
Resonance, 140. 
Rivers, 98. 

Ruhmkorff *s coil, 3491. 
Rumford, Co'^nt, 007. 
Rupert's drop, 46. 



St Elmo's fire, aa9. 

Screw, 75. 

Sensitive flames, 140^ 

Ship, Sailing of, 37. 

Singing flaan», z4i« 

Siphon, zza, ZZ9. 

Siren, 13X. 

Size, Z5, az. 

Snow, Z99. 

Solution, 48. 

Sonometer, Z35. 

Sound, zaz. 

Intensity of, xst. 
in a vacuum, zas. 
Interference of, ly^ 
Production of; 133. 
Reflection of, 129. 
Refraction of, za8. 
Superposition of, Z33» 
Transmission of, za4« 
Velocity of, zad. 

Sounding-boards, Z35. 

Sound waves, za4. 

Speaking tubes, za8. 
** trumpet, zaS, 

Spedfic gravity, 9a. 
♦♦ •* flask, 94* 

Spectroscope, 165. 

Spectrum analjrsis, Z65. 
•* Solar, 163, 

Spherical aberration, z6i« 

Spheroidal state, Z93. 

Steam, Z89. 

** engine, z9s. 

Steelyard, 71. 

Stereopticon, Z74. 

Stereoscope, Z74. 

Stringed instruments, 134. 

Substance, 13. 

Sorfibce tension, 47, 
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TBddiig,33. 
Tackle-block, 78. 
Tdi^;niph, 243. 
Telephone, 347 (see note, laj}. 
Telescope, 17a. 
Temperature, x86. 
Tempering, 46. 
Tenacity, aow 
Thermal-^ectricity, a49. 
Thermometers, z86. 
Thunder, 337. 
Torricelli, 1x9. 
Torsion balance, az. 
Total reflection, 156. 
Trade-wind, aocx 
Tubes, 98. 
Turning effort, 7Q1 
Turbine wheel, zoo. 
Tjmdall, Z46, 007. 



Vaporization, 188. 
Velocity, 37. 
Velocity of electricity, 

•' heat, 1^3. 

•* Hght, X50. 

M sound, 136). 

Vertical, 54. 
Vibration, A, X34. 
Vibrations of air, 134. 

** 00ld8,Z)|. 



Vibrations of ether, Z5z. 
*^ pendulum, 59. 

^ Sympathetic, Z4aii 
Virtual velocity, 80. 
Visual angle, 149. 
Vocal Memnon, 145. 
Voltaic arch, 336. 

** battery, 333, 85s. 

** electricity, 331. 

*• pair, The, 333. 

Watches, 6& 
Water, aoz. 

^ barometer, zia 

** level, 91. 

** wheds,99. 
Waves, lox, X33. 
Wave motion, lou 
Wedge, 76. 
Welding, 44. 
Weight, 53, S3. 
Wells, 89. 

Wheel and axle, 7a. 
Wheel-woric, 73. 
Whirl-i-gig, xoa 
Wild's machme, 346. 
Winds, 300. 
Wind instruments, x^fx 
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Laboratory Physics 



Hammers Observation Blanks in Physics 

By William C. A. Hammel, Professor of Physics in 
Maryland State School. Boards, Quarto, 42 pages. 
Illustrated. 30 cents 

These Observation Blanks are designed for use as a 
Pupil's Laboratory Manual and Note Book for the first 
term's work in the study of Physics. They combine in 
convenient form descriptions and illustrations of the appa- 
ratus required for making experiments in Physics, with 
special reference to the elements of Air, Liquids, and Heat; 
directions for making the required apparatus from simple 
inexpensive materials, and for performing the experiments, 
etc. The book is supplied with blanks for making drawings 
of the apparatus and for the pupil to record what he has 
observed and inferred concerning the experiment and the 
principle illustrated. 

The experiments are carefully selected in the light of 
experience and arranged in logical order. The treatment 
throughout is in accordance with the best laboratory practice 
of the day. 

Hon. W. T. Harris, U. S. Commissioner of Education, 
says of these Blanks: 

"I have seen several attempts to assist the work of 
pupils engaged in the study of Physics, but I have never 
seen anything which promises to be of such practical assist- 
ance as HammeFs Observation Blanks." 



Specimen copies of the above book will be sent prepaid to any address j 

on receipt 0/ the price ^ by the Publishers : 

American Book Company 

New York ♦ Cincinnati ♦ Chicago 

(156) 



Scientific Memoir Series 

Edited by JOSEPH S. AMES, Ph.D. 
Johns Hopkins University 



The Free Expansion of Gases. Memoirs by Gay-Lnssac, Joule, 

and Joule and Thomson. Edited by Dr. J. S. Ames . . $0.75 

Prismatic and Diffraction Spectra. Memoirs by Joseph von 

Fraunhofer. Edited by Dr. J. S. Ames 60 

Rontgen Rays. Memoirs by ROntgen, Stokes, and J. J. Thomson. 

Edited by Dr. George F. Barker 60 

The Modern Theory of Solution. Memoirs by Pfeffer^Van't Hoff, 

Arrhenius, and Raoult. Edited by Dr. H. C. Jones . . 1.00 

The Laws of Gases. Memoirs by Boyle and Amagat. Edited by 

Dr. Carl Barus 75 

The Second Law of Thermodynamics. Memoirs by Camot, 

Clausius, and Thomson. Edited by Dr. W. F. Magie . .90 

The Fundamental Laws of Electrolytic Conduction. Memoirs by 
Faraday, Hittorf, and Kohlrausch. Edited by Dr. H. M. 
Goodwin 75 

The Effects of a Magnetic Field on Radiation. Memoirs by 

Faraday, Kerr, and Zeeman. Edited by Dr. E. P. Lewis . .75 

The Laws of Gravitation. Memoirs by Newton, Bougner, and 

Cavendish. Edited by Dr. A. S. Mackenzie . . . 1 .00 

The Wave Theory of Light. Memoirs by Huygens, Young, and 

FresneL Edited by Dr. Henry Crew . . , .1.00 

The Discoveiy of Induced Electric Currents. Vol. I. Memoirs 

by Joseph Henry. Edited by Dr. J. S. Ames ... .75 

The Discovery of Induced Electric Currents. Vol. II. Memoirs 

by Michael Faraday. Edited by Dr. J. S. Ames ... .75 

Stereochemistry. Memoirs by Pasteur, Le Bel, and Van't Hofif, 
together with selections from later memoirs by Wislicenus 
and others. Edited by Dr. G. M. Richardson . . . 1 .00 

The Expansion of Gases. Memoirs by Gay-Lussac and Regnault, 

Edited by Prof. W. W. Randall 1 .00 

Radiation and Absorption. Memoirs by Prevost, Balfour Stewart, 
Kirchhofif, and Kirchhoff and Bunsen. Edited by Dr. 
DeWitt B. Brace 1.00 



Copus sent-t prepaid^ to any address on receipt of the price, 

American Book Company 

New York • Cincinnati • Chicago 



Text-Books in Natural History 



By JAMES G. NEEDHAM. M.S. 
Instructor in ZoQlogy^ Knox College, Galesburg, 111. 

NEEDHAM'S ELEMENTARY LESSONS IN ZOOLOGY . 90 cents 

A guide in studying animal life and structure in field and laboratory 
adapted for use in High Schools, Academies, Normal Schools, etc. 
It has been prepared to meet the widely recognized demand for a text- 
book in this department of Natural History which should be brief in 
compass, accurate in statement, and scientific in treatment. 

Some of the leading features of the book are : the selection of 
types for study that are common and easily accessible ; the clear and 
ample directions given for collecting material for study ; the means 
suggested for studying animal life ; the microscopic study of the 
simpler animal types ; the adaptation of the book to the use of schools 
with little material equipment ; the natural and easily comprehensible 
method of classification ; the directions for studying the lives of animals, 
their powers and instincts, morphology, physiology, and natural 
development. 

NEEDHAM'S OUTDOOR STUDIES .... 40 cents 

This little book is intended to supply a series of lessons in Nature 
Study suitable for pupils in the Intermediate or Grammar Grades. 
Designed for pupils of some years of experience and some previous 
training in observation, these lessons are given as guides to close and 
continued observation, and for the educative value of the phenomena of 
nature which they describe. 

As indicated in its title, the book is designed as a guide for field 
work as well as a reader in Nature Study. In connection with the lessons, 
the author gives such simple and explicit directions for field study that 
the pupil may follow them individually without the aid of a teacher. 

Wherever a plant or animal is described, a number is inserted in the 
text referring to a list of scientific names at the end of the book. 



Cc^s of either of the above books will be sent, prepaid, to any etddress 

on receipt of the price, 

American Book Company 

New York • Cincinnati • Chicago 

(1661 



STORER AND LINDSAY'S 

Elementary Manual of Chemistry 

By F. H. STORER, S.B., A.M., and W. B. LINDSAY, A,B., B.S. 
Cloth, 12nno, 453 pages. Illustrated. Price, $1.20 

This work is the lineal descendant of the ** Manual of 
Inorganic Chemistry" of Eliot and Storer, and the "Ele- 
mentary Manual of Chemistry " of Eliot, Storer and Nichols. 
It is in fact the last named book thoroughly revised, 
rewritten and enlarged to represent the present condition 
of chemical knowledge and to meet the demands of American 
teachers for a class book on Chemistry, at once scientific 
in statement and clear in method. 

The purpose of the book is to facilitate the study and 
teaching of Chemistry by the experimental and inductive 
method. It presents the leading facts and theories of the 
science in such simple and concise manner that they can 
be readily understood and applied by the student. The 
book is equally valuable in the classroom and the laboratory. 
The instructor will find in it the essentials of chemical 
science developed in easy and appropriate sequence, its 
facts and generalizations expressed accurately and scientifi- 
cally as well as clearly, forcibly and elegantly. 



••1 



' It is safe to say that no text-book 
has exerted so wide an influence 
on the study of chemistry in this 
country as this work, originally 
written by Eliot and Storer. Its 
distinguished authors were leaders 
in teaching Chemistry as a means 
of mental training in general edu- 
cation, and in organizing and per- 
fecting a system of instructing 
students in large classes by the 
experimental method. As revised 
and improved by Professor Nichols, 
it continued to give the highest 
satisfaction in our best schools and 
colleges. After the death of Pro- 
fessor Nichols, when it became 



necessary to revise the work again. 
Professor Lindsay, of Dickinson 
College, was selected to assist Dr. 
Storer in the work. The present 
edition has been entirely rewritten 
by them, following throughout the 
same plan and arrangement of the 
previous editions, which have been 
so highly approved by a generation 
of scholars and teachers. 

** If a book, like an individual, 
has a history, certainly the record 
of this one, covering a period of 
nearly thirty years, is of the highest 
and most honorable character." 
— From The American Journal of 
Science, 



Copies »/ this book will be sent prepaid to any addressy on receipt <(f the Priet^ 

by the Publishers : 



New York 



American Book Company 

• Cincinnati # 



Chicago 



Outlines of Botany 

FOR THE 

HIGH SCHOOL LABORATORY AND CLASSROOM 

BY 

ROBERT GREENLEAF LEAVITT, A.M. 
Of the Ames Botanical Laboffatory 

Prepared at the request of the Botanical Department of Hanrard 

University 



LEAVITT'S OUTLINES OF BOTANY. Cloth. 8to. 273 pa^es • $1.00 

The same, with Gray's Field, Forest, and Garden Flofa. 

791 pages 1.80 

This book has been prepared to meet a specific demand. Many 
schools, having outgrown the method of teaching botany hitherto 
prevalent, find the more recent text-books too difficult and comprehensive 
for practical use in an elementary course. In order, therefore, to adapt 
this text-book to present requirements, the author has combined with 
great simplicity and definiteness in presentation, a careful selection and 
a judicious arrangement of matter. It offers 

1. A series of laboratory exercises in the morphology and physiology 

of phanerogams. 

2. Directions for a practical study of typical crjrptogams, represent- 

ing the chief groups from the lowest to the highest. 

3. A substantial body of information regarding the forms, activities, 

and relationships of plants, and supplementing the laboratory 
studies. 

The laboratory work is adapted to any equipment, and the instruc- 
tions for it are placed in divisions by themselves, preceding the related 
chapters of descriptive text, which follows in the main the order of 
topics in Gray*s Lessons in Botany. Special attention is paid to the 
ecological aspects of plant life, while at the same time morphology and 
physiology are fully treated. 

There are 384 carefully drawn illustrations, many of them entirely 
new. The appendix contains full descriptions of the necessary laboratory 
materials, with directions for their use. It also gives helpful sugges- 
tions for the exercises, addressed primarily to the teacher, and indicating 
clearly the most effective pedagogical methods. 



Copies sent^ prepaid^ oh receipt of pnte. 

American Book Company 

New York • Cincinnali • Chicago 

(>74) 



Newcomb's Elements of Astronomy 

By SIMON NEWCOMB, Ph.D., LL.D. 

Late Profesaor of Mathematics and Astronomy, Johns Hopkins University; 

formerly Senior Professor of Mathematics, United States Navy, and 

Superintendent of the American Ephemeris and Nautical 

Ahnanac, 1877-97. 

Cloth, 12mo, 240 pages. Illustrated .... Price, $1.CX) 



This volume has been prepared for use in High Schools and College 
Preparatory Schools. Though written especially for pupils in these 
schools it will be found useful in schools and institutions of still higher 
grade and as a foundation for more extended study by the private student. 

In the preparation of this new text-book on Astronomy, its dis- 
tinguished author has kept in view two objects. One was to condense 
the facts and laws of the science, which are most interesting and im- 
portant, within such a compass as not to make a very serious addition 
to the curriculum of the high school or college. The other was so to 
present the subject that as little formal mathematics as possible should 
be necessary in its study. 

He has constantly kept in mind the inquiring student seeking to 
know something of the heavenly bodies and of such important subjects 
as the principles on which our system of standard time is based ; the 
relation between the hour of the day and the longitudes of places; the 
origin and construction of our calendar; the causes of the changing 
seasons; eclipses of the sun and moon; the phenomena of the planetary 
motions; the aspects of the principal constellations; and the wonderful 
astronomical discoveries of our time. 

The work embodies and applies the results of the latest researches 
and discoveries in astronomical science combined with the best peda- 
gogical methods of teaching the subject. The plan of treatment is clear 
and comprehensible, and as far as possible, objective, — that is, based 
upon the conceptions of the pupil acquired by actual observation of the 
phenomena of the heavens, to which his attention is constantly directed 
throughout the book. 

It is confidently believed that the author has, in the preparation of 
the Elements of Astronomy, made a text-book simple and lucid enough 
to be comprehended by any one who has mastered the elements of ariSi- 
metic and the most rudimental principles of geometry. The book will 
be found, therefore, sufficiently elementary to meet the requirements of 
the ordinary high school, while at the same time it is full and complete 
enough for advanced classes. 



Copies sent, prepaid^ to any address on receipt of price, 

American Book Company 

New York ♦ Cincinnati # Chicago 

(«79) 



Lessons in Physical Geography 

By CHARLES R. DRYER, M.A., F.G.S.A. 
Professor of Geography in the Indiana State Normal School 



Half leather, 12mo. Illustrated. 430 pages. . . . Price, $1.20 



EASY AS WELL AS FULL AND ACCURATE 

One of the chief merits of this text-book is that it is simpler than 
any other complete and accurate treatise on the subject now before the 
public. The treatment, although specially adapted for the high school 
course, is easily within the comprehension of pupils in the upper grade 
of the grammar school. 

TREATMENT BY TYPE FORMS 

The physical features of the earth are grouped according to their 
causal relations and their functions. The characteristics of each g^oup 
are presented by means of a typical example which is described in unusual 
detail, so that the pupil has a relatively minute knowledge of the type form. 

INDUCTIVE GENERALIZATIONS 

Only after the detailed discussion of a type form has given the pupil 
a clear and vivid concept of that form are explanations and general prin- 
ciples introduced. Generalizations developed thus inductively rest upon 
an adequate foundation in the mind of the pupil, and hence cannot 
appear to him mere formulae of words, as is too often the case. 

REALISTIC EXERCISES 

Throughout the book are many realistic exercises which include both 
field and laboratory work. In the field, the student is taught to observe 
those physiographic forces which may be acting, even on a small scale, 
in his own immediate vicinity. Appendices (with illustrations) give full 
instructions as to laboratory material and appliances for observation and 
for teaching. 

SPECIAL ATTENTION TO SUBJECTS OF HUMAN INTEREST 

While due prominence is given to recent developments in the study, 
this does not exclude any link in the chain which connects the face of the 
earth with man. The chapters upon life contain a fuller and more 
adequate treatment of the controls exerted by geographical conditions 
upon plants, animals, and man than has been given in any other similar 
book. 

MAPS AND ILLUSTRATIONS 

The book is profusely illustrated by more than 350 maps, diagrams, 
and reproductions of photographs, but illustrations have been used only 
where they afford real aid in the elucidation of the text. 



Copies sent^ prepaid^ on receipt of price, 

American Book Company 

New York • Cincinnati ♦ Chicago 
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Manual of the Constitution of the 

United States 



By ISRAEL WARD ANDREWS. D.D.. LL.D. 
Late President of Marietta College 

Resets and Revised to igoi by 
HOMER MORRIS, LL.B., of the CincinnaH Bar. 

Cloth, 12mo, 431 pages Price, $1.00 

The development of Civil Government in the United States during 
the past twenty-five years has rendered necessary the thorough revision 
and resetting of Andrews's Manual of the Constitution — a text-book 
which, in spite of numerous competitors published during the past decade, 
has continually increased in favor with teachers and students. 

The book has been brought up to date in all particulars — ^including 
especially the more recent interpretations of the Constitution by the 
courts, and the important statutes calculated to produce permanent 
political effect. The utmost care, however, has been taken to keep to 
the original design of the book; and those familiar with the work will 
find that no violence has been done to its original character. 

Andrews's Manual grew out of the necessities and experiences of 
the class room. For the proper instruction of the student in the im- 
portant subject of Civil Government, a clear exposition of the great 
principles of the Constitution is needed, with a summary of the legislative 
provisions in which they have been embodied. The author embodied in 
the work that kind — ^and, so far as space would allow, that amount— of 
information on the various topics which an intelligent citizen would 
desire to possess. 

As the value of a work of this kind depends in large measure upon 
its accuracy, it is proper to say that in nearly every instance the state- 
ments touching the legislation or other action of the government have 
been taken from official publications. 



Copies sent ^prepaid, to any address on receipt of price by the Publishers .• 

American Book Company 

New York ♦ Cincinnati ♦ Chicago 

(i88) 



Text-Books in Geology 

By JAMES D. DANA. LL.D. 
Late Professor of Geology and Mineralogy in Yale University. 

DANA'S GEOLOGICAL STORY BRIEFLY TOLD . . . $1.15 

A new and revised edition of this popular text-book for beginners in 
the study, and for the general reader. The book has been entirely 
rewritten, and improved by the addition of many new illustrations and 
interesting descriptions of the latest phases and (tiscoveries of the science. 
In contents and dress it is an attractive volume, well suited for its use. 

DANA'S REVISED TEXT-BOOK OF GEOLOGY . . . $1.40 

Fifth Edition, Revised and Enlarged. Edited by William North 
Rice, Ph.D., LL.D., Professor of Geology in Wesleyan University. 
This is the standard text-book in geology for high school and elementary 
college work. While the general and distinctive features of the former 
work have been preserved, the book has been thoroughly revised, enlarged, 
and improved. As now published, it combines the results of the life 
experience and observation of its distinguished author with the latest 
discoveries and researches in the science. 

DANA'S MANUAL OF GEOLOGY $5.00 

Fourth Revised Edition. This great work is a complete thesaurus of 
the principles, methods, and details of the science of geology in its 
varied branches, including the formation and metamorphism of rocks, 
physiography, orogeny, and epeirogeny, biologic evolution, and paleon- 
tology. It is not only a text-book for the college student but a hand- 
book for the professional geologist. The book was first issued in 1862, 
a second edition was published in 1874, and a third in 1880. Later 
investigations and developments in the science, especially in the geology 
of North America, led to the last revision of the work, which was most 
thorough and complete. This last revision, making the work substantially 
a new book, was performed almost exclusively by Dr. Dana himself, and 
may justly be regarded as the crowning work of his life. 



Copies of any of Dana* s Geologies will be sent, prepaid, to any address on 

receipt of the price. 



American Book Company 



New York • Cincinnati • Chicago 
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A Complete System of Pedagogy 

IN THREE VOLUMES 
By EMERSON E. WHITE. A.M., LL.D. 



THE ART OF TEACHING. Cloth. 321 pages • • Price, $1.00 

This new work in Pedagogy is a scientific and practical considera- 
tion of teaching as an art. It presents in a lucid manner the fundamental 
principles of teaching, aad then applies them in generic and compre- 
hensive methods. The closing chapters discuss in a masterly way the 
teaching of reading, language, arithmetic, geography, and other 
elementary branches. The author also considers most helpfully the 
various problems connected with teaching, including oral instruction, 
book study, class instruction and management, examinations, promotion 
of pupils, etc. 

ELEMENTS OF PEDAGOGY. Cloth, 336 pages . . Price, $1.00 

This treatise, by unanimous verdict of the teachers' profession, has 
been accepted as the leading standard authority on the subject. From 
its first publication it has met with the greatest favor, and its wide cir- 
culation ever since has been phenomenal. It has been adopted in more 
Normal Schools, Teachers* Institutes, and State Reading Circles, than 
any other book of its class. This wide circulation and popularity is 
directly attributable to the intrinsic value and merit of the book itself 
and the reputation of its author, who is everywhere recognized as pre- 
eminently qualified to speak or write with authority on educational 
subjects. 

SCHOOL MANAGEMENT. Cloth, 320 pages . . Price, $1.00 

The first part of this work is devoted to school organization and 
discipline, and the second part to moral training. Principles are clearly 
stated and aptly illustrated by examples drawn largely from the author's 
own wide experience. A clear light is thrown on the most important 
problems in school management. The necessity for moral training, 
which, in the minds of many, also involves religious instruction, will 
make the second part of this book a welcome contribution to pedagogical 
literature. The subject is thoroughly and wisely treated, and the mate- 
rials which are provided for moral lessons will be highly appreciated by 
all teachers who feel the importance of this work. 



Copies sent, prepaid, to any address on receipt of the pHce^ 

American Book Company 

New York • Cincinnati • Chicago 
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McMaster's United States Histories 

By JOHN BACH McMASTER 
Professor of American History in the University of Pennsylvania. 



PRIMARY HISTORY OF THE UNITED STATES. Cloth. i2mo, 

254 pages. With maps and illustrations .... $0.60 

SCHOOL HISTORY OF THE UNITED STATES. Half leather. 

1 2mo, 519 pages. With maps and illustrations . . . 1.00 

This series is marked by many original and superior features which 
will commend it alike to teachers, students, and general readers. The 
narratives form a word-picture of the great events and scenes of American 
history, told in such a way as to awaken enthusiasm in the study and 
make an indelible impression on the mind. 

The Primary History contains work for one school year, and gives 
a good general knowledge of so much of our history as every American 
should learn; while for those who are to pursue the study further, 
it will lay a thorough foundation for subsequent work. It is short, and 
leaves unnoticed such questions as are beyond the understanding of 
children; in a simple and interesting style it affords a vigorous narrative 
of events and an accurate portrayal of the daily life and customs of the 
different periods; and it is well proportioned, touching on all matters of 
real importance for the elementary study of the founding and building of 
our country. Our history is grouped about a few central ideas, which 
are easily comprehended by children. The illustrations, which are 
numerous and attractive, are historically authentic, and show well-known 
scenes and incidents and the progress of civilization. The maps are 
remarkably clear and well executed, and give the location of every 
important place mentioned in the text. 

In the School History from the beginning the attention of the 
student is directed to causes and results, and he is thus encouraged to 
follow the best methods of studying history as a connected growth o£ 
ideas and institutions, and not a bare compendium of facts and dates. 
Special prominence is given to the social, industrial, and economic 
development of the country, to the domestic life and institutions of the 
people, and to such topics as the growth of inventions, the highways of 
travel and commerce, and the progress of the people in art, science, and 
literature. The numerous maps give vivid impressions of the early 
voyages, explorations, and settlements, of the chief military campaigns, 
of the territorial growth of the country, and of its population at different 
periods, while the pictures on almost every page illustrate different 
phases in the civil and domestic life of the people. 



Copies tHll be sent, prepaid, on receipt of the price by the Publishers 

American Book Company 

New York ♦ Cincinnati • Chicago 

(1x6) 



Fisher's Brief History of the Nations 

AND OF THEIR PROGRESS IN CIVILIZATION 

By GEORGE PARK FISHER. LL.D. 
Professor in Yale University. 

Cloth, i2mo, 613 pages, with nnmerons Illustrations, Maps, Tables, and 
Reproductions. of Bas-reliefs, Portraits, and Paintings^ Price, $1 .50 



This is an entirely new work written expressly to meet 
the demand for a compact and acceptable text-book on 
General History for high schools, academies, and private 
schools. Some of the distinctive qualities which will com- 
mend this book to teachers and students are as follows : 

It narrates in fresh, vigorous, and attractive style the 
most important facts of history in their due order and 
connection. 

It explains the nature of historical evidence, and records 
only well established judgnxents respecting persons and 
events. 

It delineates the progress of peoples and nations in 
civilization as well as the rise and succession of dynasties. 

It connects, in a single chain of narration, events 
related to each other in the contemporary history of 
different nations and countries. 

It gives special prominence to the history of the 
Mediaeval and Modern Periods, — the eras of greatest 
import to modern students. 

It is written from the standpoint of the present, and 
incorporates the latest discoveries of historical explorers 
* and writers. 

It is illustrated by numerous colored maps, genealogical 
tables, and artistic reproductions of architecture, sculpture, 
painting, and portraits of celebrated men, representing 
every period of the world's history. 



Copies of Fishet^s Brief History of the Nations will he sent^ prepaid ^ to 
any address on receipt of the price by the Publishers : 

American Book Company 

NiwYork • Cincinnati ♦ Chicago 
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